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JOHN R. MURLIN HONOR VOLUME 

VOIjUME thikty-one 

Through the spocial elTorts of Dr. John R. Murlin, The 
Journal of Nutrition and a sponsoring organization, The 
American Institute of Nutrition, Inc., were established in 
1928. In this venture Dr. Murlin had the assistance of ten 
leaders in the fi(“ld of nutrition who served as ineinbers of 
an editorial board, namely, Eugene E. DuBois, Herbert M. 
Evans, Ernest B. Forbes, Graham Lusk, Elmer V. .McCollum, 
Lafayette B. Mendel, Harold H. Mitchell, ^lary S. Rose, 
Henry C. Sherman and Harry Steenbock. Aiu-angements were 
made for Charles C. Thomas of Springfield, Illinois, to serve 
as the publisher. The new Journal grew steadily in its accep- 
tance among scientific workers and in its circulation. With 
respect to the latter, however, the grow'th was not sufficient 
to meet the deficits faced by the pidilisher. Dr. ^Murlin finally 
arranged for The Wistai' Institute of Anatomy and Biology 
in Philadelphia to undertake its publication. Tliis move on 
the one hand placed the resources of The Wistar Institute and 
its printing facilities behind the Journal, and on the other 
hand gave to The AVistar Institute and its long list of dis- 
tinguished scientific periodicals reiiresentation in the field 
of nutrition. The original sponsoring organization. The 
American Institute of Nutrition, Inc., was also changed to 
a scientific society whose members are active investigators 
in the field of nutrition. This organization was eventually 
admitted to membership in the T<''ederation of American 
Societies of Experimental Biologr\’. 

In 1939, when he had reached the age set for emeritus 
membership in the society. Dr. Murlin resigned his editor- 
ship. He continued at his post as Professor in the University 


3 


Topyright, 1946 

Tht‘ WiHtar TuKtituU* of Anatomy and Biology 
All rights roserved. 



of Rochester until 1944 when he reached the retirement age 
of 70 years. Because the war had taken away so many of the 
younger members of the staff, Dr. Murlin was asked by his 
University to continue his services for a period which finally 
ended in June, 1945. 

It is fitting that this Journal honor Dr. Murlin for the part 
he played in establishing it and in guiding it through its early 
years. This recognition takes the form of designating volume 
thirty-one, which begins with this issue, as the John R. Murlin 
Honor Volume. An article of appreciation written by one of 
his younger colleagues accompanies the photograph which 
serves as a frontispiece for this volume. 

G. R. c. 
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JOHN EAYMOND MURLIN 

INVESTIGATOR, TEACHER, COLLEAGUE 
An Appreciation 

It is well known that the experiences of childhood have 
much to do in shaping the character of a man. There are 
reasons for believing this to have been the case with the lad 
who was destined to become known as John R. Murlin, dis- 
tinguished American investigator and teacher of physiology 
and nutrition. 

In his early days in Ohio, young Murlin was occupied as 
assistant to his father, who operated a village store as well 
as a nearby farm. They were busy days filled with the mar- 
velous variety of tasks and interesting adventures kuow'ii 
only to the boy who grows up in the country. The environ- 
ment of his youth accounts, in no small way, for the fact that 
he has always “kept his feet on the gi’ound.” After com- 
pleting a normal school course he became a country’ school- 
master for a time in order to eai-n enough money to pursue 
his formal education further. He was awarded the B. S. 
degree in 1897 and the M. A. 2 years later by Ohio Wesleyan 
University where his major interests were biology' and chem- 
istry. Professor Conklin, the eminent zoologist from the 
University of Pennsylvania, on a visit to Ohio Wesleyan, met 
the enthu.siastic young biologist who was then an instructor 
in charge of two courses in physiology. The result of this 
meeting was the offer of a fellowship in Conklin’s depart- 
ment to the young man who was so eager to extend his 
scientific horizons and in 1901 Pennsylvania conferred on him 
the Ph. D. degree. His thesis was on digestion and absorption 
in the, land isopods, indicating a manifest predilection for the 
functional rather than the structural aspects of his subject. 
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As a college student John Murlin met and fell in love with 
Josephine Seaman and they were married in 1899 while he 
was still a graduate student in Philadelphia. “Now it can 
be told” that she was taking a course in physiology at Ohio 
Wesleyan which, on account of the sudden illness of the 
regular instructor, her future husband was asked to teach, 
and that she withdrew immediately when she realized the 
embarrassment which her presence elicited in the substitute 
instructor. This discerning solicitude for the man of her choice 
has continued and grown for nearly half a century. 

John Murlin was appointed Professor of Biology and In- 
structor in Chemistry at Ursinus College, a position which 
he held until 1903 when the opportunity of a lifetime presented 
itself in the form of an instructor.ship in the laboratory of the 
great Graham Lusk. 

The new instructor came to Lusk’s laboratory with definite 
ideas concerning his own research program — he wished to 
study the metabolism of proteins. Lusk, trained in the best 
German tradition, must have been somewhat taken aback by 
the confidence of the relatively inexperienced newcomer who 
insisted on independent investigation, but the Pi'ofessor was 
persuaded and suggested a study of the nutritive value of 
gelatin which at that time was being much discussed as a 
substitute for meat. AVhile engaged on this project, Murlin 
fomid time to tramslate, from the German, Tigerstedt’s 
“Textbook of Human Physiologr>\ ” h''ollowing the work on 
gelatin came a beautifully planned and executed investigation 
on the nitrogen and energy metabolism of yiregnancy in dogs 
at (Cornell, and in humans at the Nutrition Laboratory in 
Boston with Thorne Carpenter. Later more work appeared 
on human pregnancy and the metabolism of infants in collab- 
oration with H. C. Bailey and with B. R. Hoobler. This work 
brought invitations to write the chapter on metabolism in 
Abt’s “Pediatrics,” and to deliver the Harvey Society lec- 
ture in 1917. 

Ever since von Mering and Minkowski demonstrated pan- 
creatic diabetes in 1889 many investigators had been in- 



trigued by its similarity to diabetes mellitus in man and the 
possibility of discovering a therapy adequate for its control. 
Murlin, too, was attracted to this problem and proposed his 
scheme of attack to Professor Lusk, whose comment was, ‘ ‘ Oh, 
but Minkowski tried that and failed.” The work was under- 
taken, nevertheless, and in 1913 Murlin and Kramer pub- 
lished strong evidence that their extracts of pancreas were 
active. The diabetic dog, in many instances, resjjonded to 
extract injection with increased R. Q. and diminished glyco- 
suria and indeed in one experiment the urine remained free 
of reducing substances for 4 hours. In control exyieriments 
it appeared that the weak alkali, used to neutralize some of 
the extracts i)rior to administration, on injection gave re- 
sults similar to those obtained with the extract itself. Much 
time was spent seeking an explanation of this unlooked for 
complication and the work was interrupted by our entry into 
World War I. 

John Murlin was by strong conviction and family tradition 
impelled to take an active part in the war and, on leave of 
absence from (-ornell, volunteered for officer training in the 
summer of 11)17. llis obseiwations on the Army ration at 
Plattsburg training camp, with his practical suggestions for 
its improvement, soon brought him to the Surgeon General’s 
Office in Washington as a major in the Sanitary Corps and 
an assignment to organize the Nutrition Division. This was 
accomplished with characteristic vigor and dispatch and for 
the first time the Army learned the actual food consumption 
of trainees under various conditions as well as the extent of 
food wastage. The data collected by Major Murlin, and some 
three score officers whom he brought into his organization, 
pointed the way to improvement of the ration on a nutritional 
basis rather than the traditional method of merely “filling 
the cavity” when a soldier got hungry. The overall result of 
this pioneer work was to awaken in the Quartermaster 
Department a broadened interest in its responsibility for 
feeding the soldier and in the Medical Department a new 
conception of its responsibility for his nutritional status. The 
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success of the Nutrition Division in the Army, where rights 
and responsibilities are rigidly prescribed by regulation and 
any threat to usurpation of prerogative is quickly eliminated, 
testifies to the versatility and adroitness of its director. He 
was promoted to a Lieutenant Colonelcy and finally separated 
from the service in the Spring of 1919. 

Lewis P. Ross, former president of the board of trustees 
of the L^niversity of Rochester, bequeathed the greater portion 
of his estate to endow, “ ... a Department of Vital 

Economics which shall conduct instruction and experimenta- 
tion in physiology, hygiene and nutrition of the human body 
to the end that human life may be prolonged with increased 
health and happiness.” In 1916 John Murlin was invited to 
organize and direct the newly endowed department but de- 
clined because the university authorities were unsympathetic 
toward the newfangled idea of research. A year later, while 
he was still an oflScer candidate at Plattsburg, the offer was 
renewed and accepted with a clear understanding that the 
“ ... experimentation ... ” provided for in the 

terms of the bequest should receive its full share of attention. 
The University granted him leave of absence for the duration 
of the war, and he went off to the Surgeon General’s Office 
in Washington. Despite his heavy responsibilities in the 
Army, the new' director of tlie laboratory was able, by occa- 
sional hurried trips between Washington and Rochester, to 
plan and supervise an investigation on the antiscorbutic 
potency of dehydrated fruits and vegetables. 

On completion of his Army service, he returned to Roches- 
ter to take active charge as Director of the Department 
of Vital Economics and Professor of Physiology. The 
staff was increased and graduate students began to arrive. 
Naturally, work was resumed on some of the prewar projects, 
including pancreatic diabetes, the metabolism of children 
and protein metabolism. The anti-diabetic substance was 
destined to be unequivocally demonstrated in another lab- 
oratory and Professor Murlin, concealing any personal 
regret he may have felt at having been unsuccessful in doing 
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the crucial experiments, joined scientific workers everywhere 
in acclaiming the magnificent achievement of Banting and 
Best. Their announcement was a stimulus to greater activity 
in Rochester and many papers appeared on the preparation, 
physiological effects and chemical properties of insulin. 

In the quarter century since Professor Murlin took active 
charge, the Department of Vital Economics has accomplished 
a prodigious amount of work. Limitations of space do not 
permit even a listing of the papers that have been published, 
220 odd, much less comments on them and the names of all 
the people who worked in the laboratory. The work in endo- 
crinology broadened to include hormones of the thyroid, 
pituitary, adrenals, gonads and digestive tract. In a study of 
gluconeogenesis from fat a new calorimeter was devised 
which gave better agreement between direct and indirect 
heat measurements in man than any other apparatus hither- 
to described. The interest in i)roteins was intensified and 
extended and many papers were published on biological 
values as well as the protein sparing effect of various carbo- 
hydrates. The culmination of a long and active interest in 
I)rotein metabolism came, appropriately, in the year pre- 
ceding Professor Murlin ’s retii’ement when he was able with 
human subjects to characterize the biological values of cer- 
tain proteins in terms of their constituent essential amino 
acids. A great deal of the work was done using human sub- 
jects and is a significant contribution not only in the placing 
of proteins in nutritional perspective but in the technique of 
nutritional investigations in man. 

The immediate problems of the laboratory were not the 
only concern of its director. From 1919 to 1922 he was chair- 
man of the Committee on Food and Nutrition of the National 
Research Council and again served as a member from 1941 
through the greater part of World War II. In 1932 he was a 
member of the White House Conference on Child Health and 
Development and a delegate to the international conference 
on nutrition in Berlin sponsored by the Health Division of 
the League of Nations. He early saw the need for a journal 
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devoted especially to the publication of fundamental investi- 
gations in nutrition, and was the prime mover in the establish- 
ment of The Journal of Nutrition, which he edited through its 
first seventeen volumes (1928-1939) ; he had a most prominent 
part in organizing the Institute of Nutrition and is the only 
one of its members that has served two consecutive terms as 
president. The American Philosophical Society elected him 
to membership in 1932. 

As a teacher of graduate students. Professor Murlin was 
firm in his insistence on a thoi’ough grounding in the history 
and principles of his subject. He took great pains to present 
in seminars and lectures the development of the science of 
nutrition. When students reported on the classical works of 
Lavoisier, Liebig, Voit, Rubner and Lusk the Professor al- 
ways listened eagerly to learn whether the neophyte had 
grasped the significant points and he Avas always ready to 
steer the discussion in order to correct misinterpretations 
and supply omissions. This he did easily and entertainingly 
because he was conversant not only with the details of the 
paper under discussion but often illuminating personal char- 
acteristics or incidents concerning its author. The historical 
aspect of science in general was pursued further at monthly 
Sunday evening meetings in the Murlin home. Here the whole 
department, wives included, enjoyed a buffet supper and 
social hour before the evening’s reading was begun by some 
member of the department. These delightful intellectual ex- 
cursions took one into the realms of chemistry, physics, 
medicine and even mathematics and astronomy. Mrs. Murlin, 
besides j)roviding for the immediate nutritional needs of the 
“family”, always took an active pai't in the reading and 
discussion. The memories of these gatherings in the gracioys 
and cultured home of the Murlins are cherished by all who 
were privileged to participate. 

In the laboratory there was great freedom of thought and 
action, for all who deserved it. Professor Murlin was vehe- 
mently opposed to pouring all students into the same mold. 
From the beginning of his own career with Lusk, he insisted 
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on independent investigation for himself and, after he became 
director of the laboratory at Rochester, he consistently en- 
couraged students to embark on independent investigations 
as soon as they were ready for such ventures. As a logical 
consequence of this policy he refrained from attaching his 
name to every paper that came out of the laboratory just 
because he happened to be the director. He was exceptionally 
generous in this regard and shared the work as well as the 
credit in any research the results of which were published 
under joint authorship. Each new candidate began his post- 
doctorate career as the sole author of at least one paper. 
This represents a definite break in the traditional method 
of graduate instruction largely inherited from the European, 
and especially the German universities where the professor 
was often an autocrat, allegedly omniscient, who dominated 
a student’s thinking and dictated his every move. It is a 
paradox still, in some American universities, that preaching 
the democratic ideal of freedom fai‘ outruns its practice. 

The early recognition and encouragement of talent in in- 
vestigation was considered fundamental. Students were urged 
to ijresent results of their work before local and national 
meetings, and in the post-doctorate period, as soon as subse- 
quent work confirmed the Professor’s estimate of a man’s 
capacity for productive scholarship, he was strongly sup- 
ported in his application for membership in the appropriate 
professional society. Without being uncritical. Professor 
Murlin held no brief for exclusiveness in the fraternity of 
science. 

Great devotion to the ideas and ideals of science is not 
always easy. One of his colleagues has said that among Pro- 
fessor Murlin ’s many achievements one of the most note- 
worthy was the initiation and courageous maintenance of a 
research program in an environment that at best was indif- 
ferent and often was downright hostile. How different the 
situation is a quarter of a century later ! With the opening of 
the School of Medicine in 1925 and the advent of its staff of 
young and eager investigators it became much easier and even 
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fashionable to indulge in research. At present it is excep- 
tional for any staff member not to be engaged in research and 
Professor Murlin stands in the van of the pioneers who 
brought about this complete change of attitude. 

His exuberant initiative and vigorous activity were scarcely 
contained in over 4 decades of scientific endeavor ; they over- 
flowed into his recreation. The grounds at the Murlin home 
with their expanse of lawn, lovely trees and beautiful gardens 
give eloquent testimony to the inspiration and expert care of 
a master gardener. Students and colleagues frequently were 
invited to spend an afternoon at tennis, baseball, horseshoes 
or just relaxing in the shade waiting for supper al fresco. 
The Murlins are very fond of travel and have managed to see 
most of the United States and large portions of Europe, 
Canada and Mexico. When color film became available. Pro- 
fessor Murlin brought home most fascinating motion pictures 
of far places and peoples which, with Mrs. Murlin ’s lovely 
water colors, illustrated many an interesting travelogue of 
a Sunday evening. The Professor liked to motor to scientific 
meetings and the car was always filled with colleagues or 
students from the laboratory. His keen delight in exploring 
new places and his extensive knowledge of the flora, fauna 
and history of the regions visited made these trips rare oc- 
casions of high adventure. 

On June 30, 1945, at age 71, John Murlin retired as Lewis 
P. Ross Professor of Physiology and Director of the Depart- 
ment of Vital Economics. He had generously agreed to defer 
his retirement a year on account of the depletion of the staff 
occasioned by the war. In his final year he probably worked 
harder than at any other time in his career at Rochester. He 
was an indefatigable worker up to the last day of his active 
duty and will doubtless continue in the same manner in what- 
ever he chooses to do in the future. His constant vigorous 
attack on current problems was always a challenge to students 
and colleagues. Few achieved his pace but all were better for 
the attempt. b. s. n. 


12 



THE DETEEMINATION OF METABOLIC FECAL 
NITROGEN AND PROTEIN DIGESTIBILITY 

D. K. BOSSHABDT AND E. H. BAKNES 

Department of Biochemistry. Medical Research Dvvisiony Sharp and Dohme, Inc., 

Glenolden, Pennsylvania 

TWO FIGURES 

(B^eeived for publication August 9, 1945) 


During the course of an investigation of the nutritive quality 
of proteins for growth (Bosshardt et ah, ’45) it was necessary 
to determine the “true digestibilities” of the proteins studied. 
This involved the estimation of the fecal nitrogen of non- 
dietary origin (metabolic fecal nitrogen) during the period of 
active growth. 

At present, two general methods are available for the deter- 
mination of the metabolic fecal nitrogen. The determination of 
the fecal nitrogen excretion of animals fed a nitrogen-free diet 
can be determined directly and has been used by some workers 
(Mitchell and Carman, ’24) as a metabolic fecal nitrogen value. 
The inability of animals to grow and, with the smaller species 
such as the rat and the mouse, to maintain a normal food con- 
sumption on a nitrogen-free ration makes this method of 
limited use. Mitchell and Carman (’24) have indicated that 
whole egg protein is completely digestible. It has since be- 
come a practice of some investigators to incorporate a small 
amount of whole egg protein in the diet, usually 4 to 5%. The 
total fecal nitrogen excreted, assuming complete digestion 
of the whole egg protein, then would represent the metabolic 
fecal nitrogen. Neither of these techniques is applicable to the 
measurement of “true digestibility” during a prolonged pe- 
riod of growth. 
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Titus (’27) determined the “true digestibity’’ of alfalfa 
protein in steers by means of a ditferent technique. The pro- 
tein content of the ration was varied and the total food intake 
was maintained constant. The total nitrogen intake was 
plotted as a function of the total fecal nitrogen excretion. The 
resulting straight line was extropolated to the point of zero 
nitrogen intake, the Y intercept then being used as the meta- 
bolic fecal nitrogen excretion. The suggestion was made that 
in steers, the fecal nitrogen excretion on a nitrogen-free diet 
could not safely be taken as a measure of metabolic fecal nitro- 
gen when the animals were ingesting protein. 

Schneider ( ’35) has shown that the metabolic fecal nitrogen 
fraction consists of two components : a constant fraction that is 
proportional to the body surface area, and a variable fraction 
that is proportional to the quantity of dry food consumed. The 
variation due to differences in the quantity of food consumed 
is corrected for by expressing metabolic fecal nitrogen as a 
function of food consumption, i.e., mg. of metabolic fecal nitro- 
gen per 100 gm. of food or dry matter consumed. 

The object of this study was to investigate an extropolation 
procedure for estimating metabolic fecal nitrogen, using mice 
as test animals. 


EXPERIMENTAL METHOD 

Male albino mice (Sharp and Dohme, Swiss-Webster strain) 
were used in these studies. In the one study involving re- 
stricted feeding mature mice weighing from 20 to 30 gm. were 
used. In the experiments involving growth, mice weighing 7 
to 9 gm. at 15 to 16 days of age were selected and subjected to 
a preliminary adjustment period of 2 days (Bosshardt et al., 
’45). In all experiments, the mice were .housed in individual 
wire-bottom cages and supplied water ad libitum. The feces 
for each group were pooled for the entire test period in 10% 
sulfuric acid. Nitrogen determinations were made by a modi- 
fied Kjeldahl procedure in which the total sample was di- 
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gested partially by refluxing with 20% sulfuric acid after which 
aliquot portions were used for the final digestion and dis- 
tillation. 

The protein sources studied were: acetone extracted, heat 
coagulated whole egg, casein,* and wheat gluten. They were 
incorporated at the different levels into a basal ration 
that consisted of 25% hydrogenated cottonseed oil (Primex), 
2% corn oil,* 20% dextrose,® 4% salt mixture (Hubbell, Men- 
del, and Wakeman, ’37), 2% cellu flour, 1% Wilson’s 1:20 
liver concentrate powder and sufficient white dextrin to make 
100%. All diets were supplemented to contain per 100 gm. : 
4 mg. of alpha-tocopherol, 900 U.S.P. units of vitamin A, 180 
U.S.P. units of vitamin D, 1 mg. of 2-methyl-l, 4-naphtho- 
quinone diacetate, 0.8 mg. of thiamine hydrochloride, 1.6 mg. 
of riboflavin, 0.8 mg. of pyridoxine hydrochloride, 4.0 mg. of 
niacin, 4.4 mg. of calcium pantothenate, 4.0 mg. of para-amino- 
benzoic acid, 21.6 mg. of inositol, and 200 mg. of choline 
chloride. In the study with restricted food intake, the liver 
concentrate powder was omitted. 

Digestibility with restricted food intake 

The data in this experiment were obtained in a study under- 
taken to determine the effect of protein feeding on body pro- 
tein loss when mice were restricted to approximately 30% 
of their normal caloric intake. The diets contained extracted 
whole egg at eight levels ranging from 0% to 40% (table 1). 
Each diet was fed to a group of eight mice in an amount of 
1.0 gm. per mouse per day for 14 days. 

The relationship between nitrogen intake per 100 gm. of 
food consumed and fecal nitrogen per 100 gm. of food 
consumed is shown in figure 1. As plotted, the data, with 
the exception of that obtained with the protein-free diet 

* Borden ’s * * Laheo ’ ’ casein. 

* Mazda. 

* Cerelose. 



16 


D. K. BOSSHARDT AND R. H. BARNES 


approximate a straight line. The straight line of best fit was 
calculated from the equation, Y = a + b where 


fS (xy) ] n - Ea: • Sy 
L2 (x“) ] n _ \S (X) ]» 


and 


a = 


— bSx 
n 


or a == y — bx 


The standard deviation of a was calculated according to the 
equation 

, a I (2^- a • Sy -_b • 2xy) 

\ ’ n' [n — 2 (Sx' — nx“) ] 

The value obtained with the protein-free diet was omitted 
from the calculation because of its marked deviation from the 
straight line, a finding that tends to confirm the observation 
of Titus (’27) that the fecal metabolic nitrogen excretion on 
a protein-free diet may not be the same as when protein is 
being consumed. 

The extropolation of this line to the point of zero nitrogen 
intake gave a value of 322.9 mg. of metabolic fecal nitrogen 
per 100 gm. of food consumed. The value obtained with the 
protein-free diet was 300 mg. per 100 gm. of food consumed. 
The standard deviation of the extropolated value was ± 3.7. 
This is an indication that with mice the metabolic fecal nitro- 
gen is affected by the feeding of protein and erroneous results 
may be obtained by using a value yielded when protein-free 
diets are fed. The calculated “true digestibility’’ of the whole 
egg protein, using the correction of 322.9 mg. of fecal nitrogen 
per 100 gm. of food consumed for this experiment, was 95.4 + 
0 . 2 %.* 


Digestihility with ad libitum food intake 

The relationships between nitrogen intake and fecal nitro- 
gen per 100 gm. of food consumed for mice ingesting the three 
proteins ad libitum are shown in figure 2. The metabolic fecal 
nitrogen values obtained by extropolation were: whole eg^, 
221 mg. per 100 gm. of food consumed, and for wheat gluten, 
217 mg. per 100 gm. of food consumed. The data for the 

* standard error =i */ 

\ n (n_l) 
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casein-fed animals included one anomalous value — that ob- 
tained with the lowest level of nitrogen intake. The fecal 
nitrogen per 100 gm. of food consumed actually found by 
analysis was 189 mg., whereas the value calculated from the 
straight line was 244 mg. The standard deviation of the Y 
intercept was found to be ± 7.1 which is an indication that 
the observed difference was highly significant. This value 
therefore was omitted in the calculations of the Y intercept 
and average digestibility. 




Fig. 1 The relationship between nitrogen intake and fecal nitrogen excretion 
with varying levels of whole egg protein in the di**t. The food intake was restricted 
to approximately 30% of the normal caloric requirement. 

Pig. 2 The relationship between nitrogen intake and fecal nitrogen under 
conditions of ad libitum feeding with varying protein levels in the diet. 


The casein-fed group showing the anomalous result did not 
grow throughout the feeding period. If, as these data suggest, 
the metabolic fecal nitrogen when the animal is just in nitrogen 
equilibrium is not the same as when the animal is in positive 
nitrogen balance, as is the case during growth, values obtained 
under one set of conditions are not necessarily adaptable to 
an entirely different set of conditions. 

The “true digestibilities” at the different levels of intake 
of the proteins studied are shown in table 1. The two sets 
of data obtained with whole egg feeding confirm the results 
of Barnes et al. (’45), who reported an increase in digesti- 



18 


D. K. BOSSHARDT AND R. H, BARNES 


TABLE 1 

Protein digestibilities with varying levels of intake 


WHOI^B 

E«G-REST1lICTr.P ' 

WHOLE EGG 

AD LTBmrM 2 

OASETN 

AD LTTJmjM ® 

WHEAT GLUTEN 

AD LiniTITM ^ 

N intake 
per 100 gm. 
diet ® 

“True 

digest]* 

bility” 

1 N intake 
per 100 gm. 
diet 

“True 

digesti- 

bility” 

1 N intake 
Iper 100 gm. 
diet 

“True 

digesti* 

bility” 

N intake 
per 100 gm. 
diet 

•True 

digesti* 

bility” 

gm 

% 

gm 

Vc 

gm. 

% 

gm. 

f/f 

0.287 

95.5 

0.660 

92.9 

1.000 

98.4 

0.920 

99.8 

0.532 

96.4 

0.870 

93.4 1 

1.360 

98.7 

1.300 

97.6 

0.770 

95.5 

1.190 

88.7 

1.780 

98.0 

1 1.870 

98.9 

1.220 

94.9 

1.730 

91.4 , 

2.350 

98.3 

2.000 

96.6 

1.540 

95.5 

2.020 

90.4 

2.710 

98.2 

2.480 

98.4 

2.480 

94.9 

2.440 

92.5 

3.630 

98.4 

2.930 

98.9 

4,890 

95.4 

3.140 

91.3 



4.080 

98.2 







5.370 

98.] 

95.4 ± 0.2 « 

91., 

5 ± 0.6 ! 

98.3 ± 0.1 

98.3 ± 0.3 


^ Metabolic fecal nitrogen = 323 mg./lOO gni. food consumed. 

'Metabolic fecal nitrogen == 221 mg./lOO gm. food consumed. 

’ Metabolic fecal nitrogen = 235 mg./lOO gm. food consumed. 

* Metabolic fecal nitrogen = 217 mg./lOO gm. food consumed. 

' Equivalent to per cent nitrogen in the diet, 

i Sd ^ 

* Standard error = ^ 

\ n (n-1) 

bility when the protein intake was restricted by paired feeding 
as compared with ad libitum feeding. 

DisenjssroN 

In studies of protein nutrition an estimation of the “true 
digestibility” often is desired. It is recognized that nitrogen 
in the feces originates from two sources: unabsorbed food 
nitrogen and nitrogen resulting from body metabolism and 
excreted by way of the feces. The fecal nitrogen excretion 
on a protein-free diet frequently has been used as a measure 
of the metabolic fecal nitrogen. This is based on the assximp- 
tion that the metabolic fecal nitrogen is dependent upon body 
surface area and the amount of dry food consumed and is not 
influenced by the presence of protein in the food. The extro- 
polation procedure is an attempt to determine the metabolic- 
nitrogen of the feces under conditions of protein feeding. 
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The data in this report indicate, as do the results of Titus 
( ’27), that the fecal nitrogen excretion on a protein-free diet 
is not a safe measure of metabolic fecal nitrogen when protein 
is included in the diet. 

When the nitrogen intake per unit of food consumed at 
several different levels of intake is plotted as a function of 
the fecal nitrogen per unit of food consumed, the plot of the 
data fits very well a straight line. If a protein is completely 
digested and absorbed this line should be parallel to the X axis. 
As the slope of this line increases with different proteins, the 
“true digestibility” decreases. 

The data indicate that whole egg protein is not completely 
digestible, a finding that is contrary to the results of Mitchell 
and Carman (’24). This may be due to a species difference 
between the mouse and the rat ; however, the results of Barnes, 
Maack, Knights and Burr ( ’45), which were obtained with 
rats, indicate that wheat gluten is digested more completely 
than is whole egg protein. 

Another interesting point is the increase in “true diges- 
tibility” of egg protein when the food intake is restricted. 
This appears to be similar to other cases in which the degree 
and rate of absorption is influenced by the state of deficiency 
or it may be due in part to the peculiar absorption pattern 
that is found when animals consume their daily food allot- 
ment in a comparatively short time. 

It follows from the work of Schneider that the metabolic 
fecal nitrogen when expressed as a function of food consumed 
should increase when food consumption is restricted. This 
has been explained as evidence of a second factor that involves 
intestinal secretion and is related to body size. The observa- 
tion that a straight line relationship exists between the nitro- 
gen content of the ingested food and the fecal nitrogen per unit 
weight of food consumed indicates that there is no serious 
deviation in the relative contribution of these two factors to- 
ward the total metabolic feeal nitrogen under conditions of 
protein feeding. However, under conditions of severe protein 
restriction or the ingestion of a protein-free diet it is possi- 
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ble that the intestinal secretion of nitrogen is markedly de- 
creased. This would result in an apparent lowering of the 
metabolic fecal nitrogen. 


SUMMARY 

“True digestibilities” of the proteins of whole egg, wheat 
gluten, and casein and the fecal nitrogen of metabolic origin 
have been determined under conditions of protein feeding with 
growing mice. The metabolic fecal nitrogen was determined 
by plotting the nitrogen intake per unit of food consumed at 
different dietary protein levels as a function of the fecal 
nitrogen excretion per unit of food consumed. The calculated 
straight line was extropolated to the point of zero nitrogen 
intake. The Y intercept was then used as the value for the 
metabolic fecal nitrogen per unit of food consumed. 

Under conditions of ad libitum feeding the average “true 
digestibilities” determined by this method were : casein 98.3 ±_ 
0.1%, wheat gluten 98.3 + 0.3%, and extracted whole egg 
91.5 ± 0.6% . When the food intake of mature mice was re- 
stricted to approximately 30% of the normal caloric require- 
ment the average “true digestibility” of extracted whole egg 
was found to be 95.4 ± 0.2%. 

The data indicate that metabolic fecal nitrogen values de- 
termined with protein-free or low protein diets are not safe 
indices of the metabolic fecal nitrogen under conditions of pro- 
tein feeding. 
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THE GROWTH PROMOTING QUALITY 
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Department of Biochemistry. Medical Research Divisiony Sharp and Dohme, Inc., 

Glenolden, Pennsylvania 

FIVE FIGURES 

(Eeceived for publication August 9, 1945) 


Probably the most extensively used method for the deter- 
mination of the nutritive quality of proteins for growth is the 
protein efficiency method of Osborne, Mendel and Ferry ( ’19). 
The nutritive quality of a protein is expressed as the ratio 
of body weight gain to protein consumed determined with 
growing rats that are fed the test protein under specified 
conditions. As commonly employed, this procedure has been 
subjected to numerous modifications by different workers. This 
lack of a standardized procedure makes it difficult to com- 
pare and evaluate the results from different laboratories. 

The relative growth rate of the albino mouse is approxi- 
mately twice that of the rat. If the protein efficiency method 
could be adapted to the mouse as the test animal it should be 
possible to decrease the time necessary for a growth measure- 
ment which, coupled with the smaller food requirements, 
would result in a saving of time, labor, and dietary ingredients. 

The purpose of this study was to establish a rational pro- 
cedure for the use of mice for protein efficiency determinations 
and to investigate the effect of such factors as pre-test stan- 
dardization of test animals, the duration of the feeding period, 
and the level of the test protein in the diet. 
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EXPERIMENTAL METHOD 

Afale, weanling, albino mice (Sharp and Dohme, Swiss-Web- 
ster strain) were used in all studies. The mice were removed 
from the stock colony at the age of 15 to 16 days. Although 
the weight range at this age was 5.5 gm. to 9.5 gm., only those 
mice weighing from 7.0 gm. to 9.0 gm. were used. They were 
placed in individual wire bottom cages, and given water and 
the test diets ad libitum. All of the test periods were of 20 
days’ duration. To facilitate the recovery of feces and spilled 
food, with a minimum of urine contamination, blotting paper 
was placed below the cages. Daily records were kept of the 
animal weights and food consumption. All weighings were 
made to the closest 0.1 gm. The feces for each test group were 
pooled for the entire test period in 10% sulfuric acid. At the 
conclusion of each test period, the mice were killed with gas, 
and the carcasses saved for total body nitrogen determinations. 

Preliminary experiments have shown that a fasting period 
of from 3 to 4 hours is sufficient for an almost complete empty- 
ing of the intestinal tracts of mice. Therefore, in order to 
eliminate the nitrogen in the intestinal contents in the deter- 
mination of body nitrogen, the animals were killed 3 hours 
after the removal of the food from the cages at the last weigh- 
ing. It was felt that this method would involve a smaller 
error than would a washing procedure. 

Total nitrogen determinations of the diets, feces, and car- 
casses were made by the Kjeldahl method with modifications 
depending upon differences in sample sizes. For all determin- 
ations, the entire samples were partially digested and aliquot 
portions were used for the final digestion and distillation pro- 
cedures. 

The three protein sources used in these studies wore acetone 
extracted, heat coagulated whole egg, casein,’ and wheat 
gluten. They were incorporated into a basal ration which 
consisted of 25% hydrogenated cottonseed oil,® 2% corn oil,® 

^ Borden ‘ Labco ^ ' casein. 

* Primex. 

*Mazola. 
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20% glucose,* 4% salt mixture (Hubbell, Mendel and Wake- 
man, ’37), 2% cellu flour, 1% Wilson’s 1: 20 liver concentrate 
powder, and sufficient white dextrin to make 100%. All diets 
were supplemented to contain per 100 gm. : 4 mg. of alpha 
tocopherol, 900 U.S.P. units of vitamin A, 180 U.S.P. units 
of vitamin D, 1 mg. of 2-methyl-l, 4-naphthoquinone diacetate, 
0.8 mg. of thiamine hydrochloride, 1.6 mg, of riboflavin, 0.8 
mg. of pyridoxine hydochloride, 4.0 mg. of niacin, 4.4 mg. of 
calcium pantothenate, 4.0 mg. of para-aminobenzoic acid, 200 
rag. of choline chloride, and 21.6 rag. of inositol. This diet has 
been shown by Bosshardt et al. ( ’45b) to support good growth 
of mice. 

The effect of the pre-test treatment of the animals 

It has been observed that a change in the environment of the 
growing mouse causes a definite break in the growth curve. 
When weanling mice are transferi’ed from the stock colony 
to the individual test cages they always show a loss of body 
weight the first day. The time required to regain this loss 
has been found to vary with the diet. When Purina Fox Chow 
or purified diets containing 10% or 20% casein were fed, the 
ijiitial weight was regained after 4 days. When a purified diet 
containing 15% extracted whole egg was fed, the initial weight 
was regained in 2 to 3 days. 

Four groups of seven male weanling mice were fed a test 
diet containing 10% casein for 20 days following each of the 
four pre-test treatments: (A) no holding period, (B) a 2-day 
pre-test period with a purified diet containing 15% extracted 
whole egg, (C) a 4-day pre-test period with Purina Fox Chow, 
and (D) a 4-day pre-test period with a purified diet containing 
20% casein. The average growth curves and the protein 
efficiency ratios calculated at 10 days and at 20 days are 
shown in figure 1. Although the growth curves have the same 
slope, there is a marked difference between the protein effi- 
ciency ratios obtained after a preliminary 2-day feeding period 


* Cerelose, 
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with a 15% extracted whole egg diet and those obtained after 
the other pre-test treatments. This difference is more pro- 
nounced for the values calculated at 10 days than for the 
values calculated at 20 days. These data indicate that growth 
rates are not reliable indices of protein utilization. The dif- 
ferences observed in the protein efficiency ratios indicate that 




Fig. 1 The effect of pre-test treatment on the growth and protein efliciency 
ratios of mice receiving a purified diet containing 10% casein. 

Fig. 2 The relation between time and protein efficiency ratios. 


following a 4-day period of body weight loss and regenera- 
tion a greater protein intake is necessary to attain a definite 
growth rate than is required following the shorter 2-day 
period of body weight loss and regeneration. 

As a result of these findings, in all subsequent studies a 
2-day pre-test standardizing period with a purified diet con- 
taining 15% extracted whole egg was employed. This pro- 
cedure was chosen because it was felt that, although all 
animals had gone through a short period of depletion and 
regeneration, any adverse effect would be minimized with the 
shorter period. As a further refinement, only those mice that 
had come to within 0.5 gm. or less of attaining their initial 
weight after the 2-day pre-test period were used. 




PKOTEIN UTILIZATION FOB GEOWTH 


27 


The effect of the duration of the test period 

The three protein sources, extracted whole egg, casein, and 
wheat gluten were incorporated into the basal ration to supply 
protein levels of 7.45%, 8.50%, and 33.5%> (N X 6.25), respec- 
tively.® Twenty-day growth studies were made with groups 
of seven mice each that had been selected as previously de- 
scribed. The protein efficiency ratios were calculated daily 
throughout the experiment. The results are shown in figure 2. 
The optimal time for most constant results appears to be 
between 7 and 12 days since during this period there was a 
tendency for the slope of the curves to decrease. As the periods 
were continued beyond 12 days there was a gradual but defi- 
nite decrease in the protein efficiency ratios of the better 
proteins. This was due to a slight decrease of the growth 
rate that occurred after 10 to 12 days with these diets. Since 
the food consumption, and thus the protein intake, did not de- 
crease but gradually increased, the protein efficiency ratio 
decreased. Although all experiments in this report were of 
20 days’ duration, routine protein efficiency ratio determina- 
tions in our laboratories now are calculated at the end of 
10 days. 

The effect of the level of the test protein in the diet 

Wlien expressing the nutritive quality of a protein as its 
protein efficiency ratio, Osborne, Mendel, and Ferry specified 
the level of protein in the diet at which the maximal ratio 
was obtained. They suggested that this dietary level be 
established for each protein tested. In the most generally 
employed modifications of the method a single level of test 
protein, usually approximating 10%, is employed. As has been 
shown by Osborne, Mendel, and Ferry and by Barnes, Maack, 
Knights, and Burr (’45) the level of the test protein in the 
diet at which the maximal protein efficiency ratio is obtained 
varies with different proteins. Their data indicate that pro- 

“ These levels were selected from data presented in the following section as 
approximating those showing optimal protein eflieienc.v ratios. 
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teins of poorer quality must be fed at relatively high levels 
to obtain the maximal protein eflSciency ratios. 

The three protein sources were incorporated into the basal 
ration, each at eight different levels ranging from 3% to 40%. 
Each diet was fed for 20 days to seven mice that had been se- 
lected as previously described. The protein efficiency ratios cal- 
culated at 10 days and at 20 days are shown in figures 3 and 4. 
The dietary level at which maximum utilization for growth 
was obtained was very definite for the better quality proteins, 
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Fig. 3 The effect of the protein level in the diet on protein efficiency ratios at 
the end of a 10-day feeding experiment. 

Fig. 4 The effect of the protein level in the diet on protein effici(‘ncy ratios 
at the end of a 20-day feeding experiment. 


extracted whole egg and casein. This point was not so definite 
for the poorer quality protein, wheat gluten. These data tend 
to confirm the results mentioned earlier which were obtained 
with rats and which indicate that the poorer the protein 
the higher must be its level in the diet for maximal utilization 
for growth. 

Although all growth studies included in this report are of 
20 days’ duration, the marked similarity existing between tbe 
^urves calculated at 10 days and at 20 days, figures 3 and 4, 
indicates that valid results may be obtained by using a 10-day 
test period. 

In expressing protein utilization for growth as the protein 
efficiency ratio, body weight gain is used as an index of body 
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protein gain. This gives rise to a criticism of the method. 
The protein content of the growing animal is not a constant 
factor. Weanling mice after the 2-day pre-test period have 
been found to contain 2.54 ± 0.02% N.® The body nitrogen 
levels and the average body weight and body nitrogen gains 
after the 20-day feeding periods are shown in table 1. It is 
evident that weight gain is not necessarily a true index of 
body nitrogen gain. The most striking example is that shown 

TABLE 1 

The hody weight and body nitrogen ganns and body nitrogen levels of mice 
receiving various diets for 20 days. 
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by the three highest levels of whole egg protein. At dietary 
nitrogen levels of 2.44%, 3.14%, and 5.86%) the average weight 
gains were 12.3 gm., 10.9 gm., and 12.9 gm., respectively. The 
average body nitrogen gains, however, were 412 mg., 452 mg., 
and 402 mg., respectively. The body nitrogen gains were 
determined as the difference between the level at the start of 
the experiment (weight X 2.54%) and the determined level 
at the conclusion of the experiment. Under the conditions of 
protein feeding at the level giving maximal utilization for 

” Standard error = * / - 

\ n (n_l) 
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growth the body nitrogen levels were essentially the same 
for the three proteins: extracted whole egg 2.82%, casein 
2.88%, and wheat gluten 2.83%. Therefore, at dietary protein 
levels at which maximal protein efficiency ratios are obtained 
body weight gains may be used as indices of comparative body 
protein gains. However, as the body protein level changes dur- 
ing a growth study the use of body weight gains even at the 
dietary level showing maximum utilization for growth cannot 
be used as absolute indices of the utilization of ingested or 
absorbed protein for body protein gain. 

A more valid expression of protein utilization for growth 
would be the utilization of ingested or, preferably, absorbed 
protein for body protein gain. Protein intake under conditions 
of ad libitum feeding may be varied by varying the protein 
level of the diet. The determination of body nitrogen gains 
at different levels of protein intake makes it possible to com- 
pare different proteins at equal intake levels using ad libitum 
feeding. It is also possible to determine the level of intake 
at which maximal utilization for growth is obtained. If “true 
digestibilities” are used, the calculations can be based on ab- 
sorbed protein. 

The “true digestibilities” of the three proteins were de- 
termined as described by Bosshardt and Barnes (’45a). The 
amount of fecal nitrogen per 100 gm. of food consumed was 
plotted against the nitrogen intake per 100 gm. of food at the 
different levels of protein intake. The calculated straight line 
was extropolated to the point of zero nitrogen intake to obtain 
the metabolic fecal nitrogen value under conditions of protein 
feeding. The average “true digestibilities” obtained were: 
extracted whole egg 92.5 ± 0.6%, casein 98.3 ±: 0.1%, and 
wheat gluten 98.3 ± 0.03%. 

The relationship between absorbed protein and the per- 
centage of absorbed protein utilized for body protein gain 
for the three proteins during the 20-day test period is shown 
in figure 5. This method of calculation considers differences 
in food consumption, and thus in protein intake, that are 
omitted in figures 3 and 4. These data indicate that there is a 
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shift of the point of maximal utilization for growth to higher 
levels of protein absorption accompanying a decrease in the 
nutritive quality of the protein. It is, however, possible to 
compare the three proteins at a level of absorption approxi- 
mating utilization for each. An approximate maximal util- 
ization was observed when 5 gm. of each protein were absorbed 
per mouse for the 20-day period. This level of protein absorp- 
tion would correspond to diets containing approximately 
7.5% of extracted whole egg, 8.5% of casein and 12.5% of 



Tig, 5 The utilization of absorbed protein for body protein gain at different 
levels of protein intake. 

wheat gluten. The true dietary levels for maximal utilization 
would be approximately 6.5% of extracted whole egg, 8.0% 
of casein, and 25% of wheat gluien corresponding to absorp- 
tions of 3.5 gm., 4.5 gm., and 12.0 gm., respectively. 

DISCUSSION 

The data presented in this report indicate that the albino 
mouse is a suitable test animal for the determination of the 
nutritive quality of proteins for growth. The advantages of 
using the mouse instead of the rat are several. A reliable 
growth result may be obtained in 10 days. Thus a marked 
saving of time is realized since the conventional test period 
for the rat method is 28 to 42 days. Approximately one-seventh 
the amount of test protein and other dietary ingredients are 
needed, because of the saving in time and the smaller food 
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consumption of the mouse as compared with the rat. The 
saving in time and dietary ingredients realized by the use of 
the mouse will facilitate fractionation and chemical studies 
that are dependent on animal assays. The mouse likewise 
lends itself to studies involving expensive materials or those 
difficult to prepare such as isotopically labeled compounds. 
The reduced time necessary for a study usually makes it un- 
necessary to prepare more than one lot of diet, which is an 
aid in assuring constancy of the diet. For studies involving 
the whole carcass, the size of the mouse lends itself to sim- 
plified procedures for total carcass analysis. 

The absolute efficiency ratios are not necessarily the same 
for both rats and mice, but the results of a large number of 
assays indicate that proteins and protein hydrolysates fall 
in the same order of classification by the two methods. 

Weight changes and food consumption for the mouse are 
considerably less than for the rat, so that measurements must 
be made more accurately. The data indicate that there are 
certain factors that can affect the result in protein efficiency 
measurements when the mouse is used as the test animal. 
Similar effects may be noted when other animal species are 
employed. Factors such as pre-test standardization of the 
animals, the duration of the test period, and the level of the 
test protein in the diet can be and should be standardized if 
it is to be possible to compare and evaluate results from dif- 
ferent laboratories. Differences in the reported numerical 
nutritive indices of proteins may be due, at least in part, to 
differences in experimental technique. Other factors possibly 
influencing protein utilization measurements that should .be 
investigated are caloric intake, ratios of fat and carbohydrate 
in the test diets, nature of the mineral and vitamin supple- 
mentations, amount of undigestible material in the ration, 
and the strain of the animal species employed. 

SUMMARY 

The method of Osborne, Mendel and Ferry for the measure- 
ment of protein efficiency ratios (grams gain in body^ weight 
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per gram of protein consumed) has been adapted for use with 
mice. 

The importance of establishing standardized conditions with 
regard to the pre-test treatment of the test animals, the dura- 
tion of the test period, and the level of test protein in the diet 
has been demonstrated. 

The advantages of the use of the mouse as compared with 
the rat are : smaller animal size, lower food consumption, and 
shorter test periods. 
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INTRODUCTION 

Metabolic activity is measured by energy output. Energy 
is required for work, for digestion and assimilation of feed- 
stuffs and also to maintain body temperature. Since tlie energy 
expended to maintain body temperature is dependent on 
temperature of environment, this factor could have a profound 
influence on metabolic activity and thus on the feed consump- 
tion and meat and egg production of the chicken. 

In a previous investigation, Barott and Pringle ( ’41 ) studied 
the effect of different environmental temperatures on the met- 
abolism of the hen. In the investigation herein reported, the 
program of work was enlarged to include the life cycle of 
chickens from hatch to maturity, and a range of temperature 
from 20°F. to 103°F. 

APPARATITS AND PROCEDURE 

The data at temperature of 40°F. and above were obtained 
by use of one of the respiration calorimeters in the calorimetry 
laboratory of the Bureau of Animal Industry, Agricultural 
Research Center, Beltsville, Maryland. The details of con- 
struction of the calorimeter and technique of operation were 
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described by Barott ( ’37). It was necessary to alter the calori- 
meter for work at temperatures below 40°F. to a low tempera- 
ture respiration chamber because the temperature control 
system could no longer function below this temperature. This 
alteration was accomplished by removing the heat absorber 
coil and inserting a cooling unit connected to a small refriger- 
ating machine. The heating and cooling coils for the boundary 
control were also removed and 2 inches of cork insulation were 
added around the chamber. Therefore it was impossible to 
measure heat loss at temperatures below 40°F. It was also 
impossible to determine the water elimination because of the 
deposition of the moisture in the form of frost on the refriger- 
ation unit. Accurate measurements of oxygen consumption 
and carbon dioxide elimination were obtained, however. 

The procedure was similar to that with hens (Barott and 
Pringle, ’41), except that the baby chicks and chicks 2 weeks of 
age were placed in a cage made of fine-me.shed copper screen, 
divided into compartments. Each compartment was sufhciontly 
large to accommodate one chick. While freedom of movement 
was not so sev'erely restricted as in the case of the older birds 
no huddling ivas possible. Paper towels were put under the 
cages in the calorimeter to catch the down and any other 
material that came from the chicks and passed through tin* 
cages. This was done so that an accurate weight of the chicks 
could be determined. The weight of the feathers, droppings, 
etc., were subtracted from the beginning weight as noted under 
“Results.” 

The chickens 5 weeks, 8 weeks, and 12 weeks of age were 
put in individual galvanized wii-e cages. These cages were 
placed in the calorimeter over a pan of oil to catch the drop- 
pings. The chickens older than 12 weeks were placed in the 
calorimeter in individual cages similar in construction to 
those used for hens (Barott and Pringle, ’41) except that 
they were smaller. These cages were also set over oil. 

The chickens used were Rhode Island Red females. They 
were kept in battery brooders and fed the all-mash starting 
and growing diet no 2 (Titus, ’41). The hens were fed a nor- 
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mal laying diet, and were housed in a partially open front 
laying house of the type used at this station (Mohler, ’39). 

The chickens were brought to the laboratory at 5 a.m., so 
that little, if any, feed was consumed since the previous night. 
They were weighed at the beginning and end of each experi- 
ment. During the time they were in the calorimeter they were 
in complete darkness and had no feed or water. 

During the experimental period the air temperature within 
the calorimeter was kept practically constant at a pre-de- 
termined value, the relative humidity was kept between 50 
and 60%, the oxygen content at 21% and the carbon dioxide 
below 1 % . 

A total of more than 500 1-day experiments were performed 
at approximately 5°F. intervals within a range of temperature 
from 20°F. to 103°F. The range limit for each age studied was 
determined by the survival of the chickens. 

The oxygen consumption was measured for each 2-hour 
])eriod and the carbon dioxide, water, and heat elimination 
for each 4-hour period. 

The investigation was started with two groui)s of baby 
chicks, 2 to 6 days old, 100 in each group, hatched 1 week apart. 
No chickens from either grouji were used for more than 1 
day’s experiment at any one age. A.fter the day’s experiment 
they were put back into the brooder or on the range to grow 
until they reached the next age to be studied. 

The ages investigated were decided upon after a study of 
the growth curve (fig. 2) which indicated that there might be 
greater changes occurring in the metabolic rate for the chick- 
ens up to 12 weeks of age than in that of the older ones. There- 
fore studies were made using baby chicks, and chickens 2 
weeks, 5 weeks, 8 weeks, and 12 weeks old. As chickens begin 
laying at 4 to 6 months of age. the next age studied was 18 
weeks, then 23 weeks, and finally 1 year. This range of age 
covers the growth period fairly well. 

The data on oxygen consumption, and heat, water and carbon 
dioxide elimination obtained during the experimental period 
were computed, compiled and prepared for analysis for each 
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individual experiment. All volumetric values for oxygen con- 
sumption and carbon dioxide elimination were reduced to a 
common basis : 0°C. and 760 mm. atmospheric pressure. 

In the analysis of the data the question arose as to what 
basis of comparison to adopt, i.e., whether to express the 
results as a function of body surface of the animal or of 
some power of the body weight. It is hard to determine with 
accuracy the body surface of a live animal, especially one 
covered with feathers. However, it is very easy to obtain an 
accurate weight. As metabolic activity depends upon the 
amount of active protoplasm in the living cells of the body, 
it is difficult for the authors to see wherein the body surface 
factor is any more accurate, if as accurate, as the body weight 
and their view is upheld by other investigators. Kleiber ( ’32) 
in an exhaustive treatise on the subject, states in his con- 
clusions : “ A power function of the body weight gives a better 
defined unit for measurement than the unit of body surface.” 
Therefore, all results in this investigation are expressed as a 
function of the body weight and since there is no agreement 
among investigators as to what the power coefficient of the 
weight should be, we have expressed all results as a function of 
the weight to the first power. The initial weight of the bird, 
minus the weight of the excrement, was used in computing 
the initial value for energy and gaseous metabolism. The 
final weight was used in computing the final values. For com- 
puting the intermediate values, the difference between these 
two weights was pro-rated lineally with time. 

BESULT8 

The results of our previous work on hens (Barott and 
Pringle, ’41) were shown by curves. The hens used in those ex- 
periments varied in weight from 1800 to 2800 gm. ; however, 
in plotting the curves no account was taken of the variation 
in metabolism per g^ram due to this difference in the size of 
the hen. When the data on hens were analyzed with due regard 
for variation in weight, the double flexure previously shown 
in the curve for metabolic activity disappeared and the curve 
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assumed the form shown in this paper. The results previously 
published (Barott and Pringle, ’41), when adjusted for varia- 
tions in weight ag^ee very well with those shown herein. 

ENERGY AND GASEOUS METABOLISM 

Values for oxygen consumption and for carbon dioxide and 
heat elimination were computed from observed data for each 
experiment. All the results for experiments at one tempera- 
ture, with chickens of the same weight, were plotted on one 
chart and a curve drawn through the plotted points. This 
curve represented the metabolic activity of a chicken of given 
weight at one definite temperature. In figure 1, the oxygen 
consumption at 70°F. i 2.0°F. of chickens of various ages 
is shown. The curves (fig. 1) all have the same general form 
for metabolic activity for the 24-hour period and are of the 
same type as those previously published. They all show the 
typical diurnal rhythm (first reported from this laboratory, 
Barott et al., ’38) with a high value for metabolic rate at 
8 A.M., gradually declining to a low at 8 p.m. and thereafter 
rising to another high at 8 a.m. the next day. 

Normally, the value at 8 a.m. the second day w'ould be of the 
same magnitude as that of the first dav. However, because the 
chickens had no feed or water for the duration of the experi- 
ment, the second day’s value is 5 to 10% lower except for 
baby chicks and for them the value the second day is the same 
as that for the first day because of the unabsorbed yolk upon 
which the chick feeds. - 

The magnitude of the metabolic actmty when expressed 
per gram weight of chicken per hour is greatest for baby 
chicks and becomes progressively less and less as the chick 
gets older. It is least for the oldest chickens. However, the 
total metabolism (the value in units per hour per gram weight 
of chicken, times the weight of the chicken in grams), is least 
for the baby chicks and becomes greater very rapidly as the 
chicken’s weight increases from 40 gm. to 300 gm. The rate 
of increase then becomes less and less as the age and weight 
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TIME 

Fig. 1 Oxygen consumption of chickens of various ages at an environmental 
temperature of 70 ®P. 
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of the chicken increase, until it is practically zero at weights 
over 2800 gm. 

By integration of curves similar to those in figure 1, the 
moan metabolic rate between 8 a.m. and 8 p.m. was determined 
for each experiment. The values thus obtained were plotted 
(fig. 2) and curves drawn through the plotted points in such a 
manner that they represent the mean value of the plotted 
points as closely as possible. These curves delineate the mean 
metabolic rate for each 10-degree interval from 30° to 90°F. 
(''urves for 70°, 80°, and 90°F. delineate the metabolic rate 
for the life cycle of the chick from hatch to maturity. 

Curves below 70°F. extend to the weight and age at which 
the chicken could survive the temperature studied. For exam- 
ple, baby chicks and chicks 2 weeks old did not survive 24 
hours at temperatures below 70°F., those 5 weeks old did 
not survive below 50°F., etc. The lowest survival temperature 
for chickens older than 8 weeks has not yet been determined. 

It will be noted that the trend of all curves is the same and 
that the metabolic rate decreases as the age and weight of 
the chicken increase. This decrease is very rapid during the 
first few weeks of growth, but becomes less and less until, 
between the weig'lits of 2400 and 2800 gm., the rate is nearly 
constant. 

Curves for carbon dioxide and heat elimination have the 
same form as those for oxygen consumption and differ only in 
absolute value. They have been omitted for the sake of brevity, 
as have those for oxygen consumption, and carbon dioxide 
and heat elimination for temperatures of 25°, 35°, 45°, 55°, 
()5\ 75°, and 85°F. However, all these curves were plotted 
and analyzed so that the curves shoAvn in figure 3 could be con- 
structed from the values. 

Each curve in figure 3 shows the variation in metabolic 
rate (mean oxygen consumption between 8 a.m. and 8 p.m.) 
with temperature for a given weight of chicken. These curves 
(fig. 3) cover the life cycle of the chicken from the time of hatch 
to maturity. The values plotted on these curves were taken 
from figure 2 and similar curves. The carbon dioxide elimina- 
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AGE IN WEEKS (FOR GROWTH CURVE } 

rig. 2 Mean oxygen consumption from 8 A.M.’ to 8 P.M. of chickens from 
hatch to maturity at various environmental temperatures and growth curve. (Source 
of data for growth Curve: research by poultry section. A. H. Div., B. A. I., Agric. 
Bes. Center, Beltsville, Md.) 
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tion and the heat elimination for the same groups of chickens 
as those in figure 3 were determined in the same manner as 
the oxygen consumption. However, as the type of curve is 
the same, the curves are not shown but the values are tabulated 
in tables 1 and 2. 



TEMPERATURE (•F ) 


Fig. 3 Oxygen consumption of chickens at various temperatures: mean of 
8 A.M. to 8 p.M. values. 
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The upper temperature limits for survival for 24 hours un- 
der the conditions of these experiments lie between 90° F. 
for mature fowls and 103°F. for baby chicks. The temperature 
limits become progressively lower than 103°F. as the age of 
the chick increases. Some hens died during experiments* at 

TABLE 1 

Carbon dioxide eUmmation of dhiolcens at various environmental temperatures. 
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70 2.08 
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0.51 

0.47 

0.44 

75 1.97 
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0.51 
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0.44 

80 1.67 
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0.51 
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0.45 

85 1.35 

1.26 

0.99 
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90 3.07 

1.10 
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0.53 

0.49 

0.47 

95 0.90 

1.00 

0.96 

0.82 

0.64 
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0.51 

0.49 

100 1.00 

1.08 

0.99 

0.86 

0.66 





90°F., chickens 8 weeks old and older died at 95°F., chickens 
2 weeks and 5 weeks old, survived at 100°F., but died at 102°F., 
while the baby chicks survived at 103°F. 

All the curves on figure 3 have the same general form. The 
metabolic rate is at a minimum at a definite temperature for 
each age. This temperature is 95°F. for baby chicks and chicks 
2 weeks old and as the chicken gets older the temperature at 
which metabolism is at a minimum is progressively lower, 
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until for 1-year-old chickens the minimum metabolism occurs 
at approximately 70°F. 

The metabolic rate increases as the temperature is decreased 
below that at which the minimum metabolism occurs and con- 
tinues to increase until the chicks are no longer able to pro- 
duce enough heat to maintain body temperature and perish 
from the cold. The metabolic rate increases most rapidly for 
the baby chicks and becomes progressively less and less as 
the chicken gets older. The rate also increases at temperatures 

TABLE 2 

Heat elimination of chickens at various environmental temperatures. 

Mean values between 8 a.m. and 8 p.m. 
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4.00 
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65 
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8.90 
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4.50 
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3.05 
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5.85 
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3.00 

2.75 

75 

12.00 
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4.00 
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2.85 

2.80 
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8.40 

7.85 
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5.00 
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3.15 

3.00 

2.85 

90 

6.60 
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5.95 

4.95 

3.''0 

3.25 

3.10 

2.90 

95 

5.50 

6.25 

5.95 

5.00 

3.95 

3.40 

3.20 

3.00 

100 

6.00 

6.50 

6.20 







above that for the minimum metabolic rate. This increase is 
due primarily to the extra effort entailed in panting to evap- 
orate sufficient water from the respiratory tract for cooling 
purposes in maintenance of body temperature. The increase 
in rate continues to a point where the bird can no longer 
evaporate sufficient water for cooling and perishes from the 
heat. The great increase in water elimination for the ages 
studied is shown in figure 4. The flexures at the low temper- 
ature end of the curves for baby chicks, and chickens 2 weeks, 
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5 weeks and 8 weeks old indicate the lowest temperatures that 
the chickens could survive for 24 hours without ill effects, 
under the conditions of the experiment. 

The last point plotted on each of these four curves (at 65 °F. 
for baby chicks and chickens 2 weeks old, 45°F. for 5-week-old 
and 25°F. for 8- week-old chickens) was obtained from results 
for short intervals of time as the chickens could not stand 24 
hours’ exposure. The lowest temperature at which chickens 
older than 8 weeks can survive under similar conditions has 
not yet been determined. It will be noted that chickens 2 weeks 
of age were unable to survive a temperature lower than the 
limit for baby chicks, i.e., 70°F. 

Respiratory and thermal quotients and food 
material metabolised 

The respiratory quotient and the carbon dioxide and oxygen 
thermal quotients were computed from observed data for the 
period from 8 a,m. to 8 p.m. There appeared to be very little 
variation in the respiratory or thermal quotients with either 
temperature or age of bird. All values of the R.Q. approxi- 
mated 0,717. The R.Q. did seem to decrease slightly below 
40°F., reaching a value of 0.715 at 10°F Whether this is true 
or an artifact, it is impossible from the data to state. The 
oxygen T.Q. was 3,11 and the carbon dioxide T.Q, 3.16. 

Equations ^ were set up in a iirevious paper (Barott et al., 
’38) for the computation of the relative quantities of carbo- 
hydrate, fat and protein being metabolized. Inserting the com- 
puted values of the respiratory and thermal quotients in 
these equations, we found that the relative amounts of the 

' Inasmuch as direct measurements of both heat and gaseous metabolism were 
made, the relative quantities of carbohydrate, fat and protein being metabolized 
could be estimated from the R.Q. and the T.Q.’s. The method of estimation was 
as follows: If x, y and z represent, respectively, the percentages of carbohydrate, 
fat and protein being metabolized, the following equations may be set and readily 
solved: 1.000 x -f- 0.707 y + 0.706 z = 100 X the observed R.Q,.; 2.568 x -|- 
3.373 y -f 3.110 z = 100 X the observed QO» thermal quotient; 3.531 x -f- 3.279 y 
+ 3.018 z = 100 X the observed 0, thermal quotient. 
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three food materials metabolized by the chickens in these ex- 
periments were: protein, 69%; fat, 27%; and carbohydrate, 
4%. 

Respiratory water elimination 

Some difficulty was encountered in determining the amount 
of water eliminated by respiration for all chickens 12 weeks 
old and younger. The fine wire mesh of the cages necessary 
for baby chicks and those 2 weeks of age prevented the drop- 
pings from passing through and although the cages for 
chickens 5 weeks, 8 weeks, and 12 weeks of age were placed 
over a pan of oil in which the droppings were collected, some 
droppings always adhered to the cages. During the course of 
the experiment, the water in these exposed droppings evap- 
orated and was absorbed with the water of respiration, mak- 
ing it impossible to get a correct figure for the latter. De- 
terminations have shown, however, that the amount of water 
in the feces is approximately 75% of the total weight. 8ome 
tests made at this laboratory showed that the feces contained 
about 30% of water at the time of removal from the cages. 
Assuming these values to be correct, one can compute the 
approximate amount of water evaporated from the feces. 
Subtracting this amount of water from the total water col- 
lected in the absorption flasks, gave an estimate of the water 
eliminated by respiration. 

The results were plotted in figure 4 and curves drawn 
through the plotted points. The points on the curve for the 
water of respiration of hens are observed values as the feces 
w'^ere collected under oil and did not introduce an error into 
the water collected in the flasks. The curves for the younger 
chickens show the general trend of the respiratory water elim- 
ination and although the magnitude of the error is not great, 
they are not to be considered as being of the same accuracy 
as the curve for hens. 

No value for water elimination could be obtained below 
40°F., because the precipitation of moisture on the cooling 
unit. 
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The water of respiration for each age studied remains 
fairly constant at all temperatures up to the temperature of 
minimum metabolism. Above this temperature it becomes 
necessary for the chicken to exhale an additional amount of 
water for the purpose of cooling. This amount rapidly be- 
comes greater and greater as the temperature is increased. 
The water respired per gram weight of chicken, at tempera- 
tures below the minimum, is lowest for hens and becomes 
higher for the younger chickens. As previously stated, the 
data for chickens 12 weeks old and younger are only fairly 
accurate estimates and not true measurements as in the case 
of the hens. 

SUMMAKY AND CONCLl'SIONS 

The energy" and gaseous metabolism of Rhode Island Red 
female chickens, averaging 4 days, 2 weeks, 5 weeks, 8 weeks, 
12 weeks, 18 weeks, 23 weeks and 1 year old, were determined 
by use of one of the respiration calorimeters in the calorimetry 
laboratory of the Bureau of Animal Industry, Agricultural 
Research Center, Beltsville, ..Maryland. The instrument is 
similar to the one described by Barott (’37). More than 500 
1-day experiments were made. 

Results were obtained with (.'uvirenniental temperatures 
at approximately r)°F. intervals in the range from 20° to 
103°F. Conditions other than temperature were: Relative 
humidity 50-60%, oxygen content 21%, and carbon dioxide 
content less than 1%. 

The oxygen consumption was measured for each 2-hour 
period, and the heat, water and carbon dioxide elimination 
for each 4-hour period. The results define the metabolic rate 
of each age of chicken studied, at each environmental temper- 
ature investigated. A point of flexure occurs at the tempera- 
ture where metabolism is a minimum. This minimum occurs 
at 95°F. for baby chicks and chickens 2 weeks old. As the 
chicken gets older the minimum occurs at a temperature 
AA’liich is progressively lower until for 1-year-old hens, the 
minimum occurs at approximately 70°F. The maximum meta- 
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holism occurs at the lowest temperature the chicken could sur- 
vive. This temperature has not yet been determined for chick- 
ens older than 8 weeks. 

The data obtained for each 24-hour period show the typical 
diurnal rhythm in the metabolism of the chicken, with a max- 
imum value at 8 a.m. and a minimum value at 8 p. m. 

The amounts of protein, fat and carbohydrate metabolized 
by the chickens were computed. The amounts of the three food 
constituents metabolized were: protein, 69%; fat, 27% and 
carbohydrate, 4%. 

The observed R.Q. approximates 0.717 at all ages and all 
temperatures. The observed oxygen T.Q. is 3.11 and the ob- 
served carbon dioxide T.Q. is 3.16. 

The water of respiration is fairly constant at temperatures 
below that where minimum metabolism occurs. Above this 
temperature there is an enormous increase due to the large 
amount of water exhaled for cooling at the higher tem- 
peratures. 
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In most mammalian species the new-born under natural 
conditions depends for varying periods of time almost entirely 
on the secretion from the mammary gland for food. Colos- 
trum differs in composition fiom milk in several respects. 
While extensive studios have been made of the carotene and 
vitamin A content of colostrum of the cow (Dann, ’33; Henry, 
Houston and Kon, ’40), sheep (Underwood and Curnow, ’44) 
and human (Dann, ’36) information on the B vitamins in 
colostrum is meagre. The report bv Lundquist and Phillips 
(’43) on the possible role of some of the vitamins in the pre- 
vention of certain diseases of the new-born calf prompted the 
authors to make a study of the amounts of thiamine, ribo- 
flavin, nicotinic acid and pantothenic acid in colostrum as com- 
pared with milk. Information on the B vitamins in colostrum 
alfords a basis for the preparation of substitutes in feeding 
now-born animals, and especially for the first few days of 
life which is a critical period. 

The amount of thiamine in human milk is definitely influ- 
enced by the dietary intake (Knott et ah, ’43) and a similar 
relationship probably holds for the other B vitamins in 
colostrum and milk of species for wliich they are a dietary 
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essential. It was felt that this variable could be largely elimi- 
nated or reduced to a minimum if the studies were made with 
ruminants as the B vitamins are not dietary essentials for 
them. 


EXPERIMENTAL 

Methods 

Samples of colostrum were obtained from cows on the day 
of parturition. Preliminary studies made on colostrum col- 
lected at frequent intervals after parturition showed that there 
was no essential change in any of the four vitamins under 
study during the first 24 hours. A sample of milk was col- 
lected from each of the cows after they had been in milk for 
30 days or longer. The two breeds represented are the Hol- 
stein and Jersey. 

The colostrum was collected from the ewes on the day of 
parturition. The samples of milk were not from the same 
ewes as the colostrum, but it is presumed that they would be 
representative for the species. 

Precautions were taken to protect the samples against 
photochemical destruction of riboflavin. Thiamine was deter- 
mined by the thiochrome method of Hennessy (’42). Ribo- 
flavin was determined by the microbiological method of Snell 
and Strong (’39) on the autoclaved sample following filtra- 
tion at a pH of approximately 4.6 to remove foreign growth 
stimulants. Nicotinic acid w'as determined by the micro- 
biological method of Krehl, Strong and Elvehjem (’43) with 
the slight modification devised by Pearson and Luecke (’45) 
which was found to be satisfactory for colostrum and milk. 
Pantothenic acid was determined by the method of Neal and 
Strong ( ’43) following the enzymatic liberation of the vitamin 
by takadiastase and papain. 

RESULTS 

The mean values and standard deviations for thiamine, ribo- 
flavin, nicotinic acid and pantothenic acid for colostrum and 
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milk of the cow and ewe are shown in table 1, There is a dis- 
tinct species difference in the amount of riboflavin, thiamine 
and nicotinic acid in both the colostrum and milk. The colos- 
trum of the ewe is approximately 74% higher in thiamine 
than the colostrum of the cow while for milk the corresponding 
difference is around 58%. The difference for riboflavin is 
more striking as the amount in the colostrum of the ewe 
is about 3.3 fold greater than in the colostrum of the cow while 
the corresponding figure for milk is about 2.5 fold. There is 
a similar relationship for nicotinic acid which is higher in 

TABLE 1 

Thiamine, rihoflnrinf nicofinie acid and pantothenic acid 
content of colostrum and miVk. 

(Values in fig, per ml.) 


COW 1 

EWE 

VITAMIN 

No of 
animals 

roloatruiTi 

Milk 1 

No. of 
animals 

Colostrum 

Milk 



Mean 

S D ’ 

V f‘r n 

.V /> ‘ 


.W en n 

/> > 

l/con 

S D » 

Thiamine 

25 

0.62 

0.06 

0.38 

0.05 i' 

5 

1.08 

0.31 

0.60 

0.12* 

RibofliTvin 

52 

6.10 

1.85 

1.77 


14 

20.08 

5 46 

4.36 

0.66 

Niootinie acid 

32 

0 96 

0.29 

0.91 

0.16 ' 

14 

1.97 

0.44 

3.93 

1.09 

Pantothenic acid 

32 

2.24 

0.87 

3 67 


14 

2.62 

0.71 

3.66 

0.79 


‘ Btandard deviation, 

* Twelve samples of milk. 


both the colostrum and milk of the ewe than in cow’s colos- 
trum and milk. There is an interesting relationship between 
the rates of gain of the new-born and the amount of thiamine, 
I'iboflavin and nicotinic acid in the milk of the two species. 
The new-born lamb doubles its weight in approximately 14 
days while the calf requires around 47 days to double its 
weight. One can postulate that the higher amounts of thia- 
mine, riboflavin, and nicotinic acid in the colostrum and milk 
of the ewe constitute one of the functions of the more rapid 
growth of the new-born of this species. A limited number of 
observations in this laboratory has revealed that the amounts 
of these three vitamins in the milk of the human and horse is 
much lower than in cow’s milk. The rate of growth of the 
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new-born of these species is likewise much slower than that 
of the new-born calf. 

There are definite differences in the amounts of the vita- 
mins in the colostrum and milk of both species. The difference 
between the mean values for milk and for colostrum has been 
tested by Fisher’s t value. The difference in the values of 
colostrum and milk for riboflavin and pantothenic acid is 
highly significant for both species. The difference between 
the amount of thiamine in the colostrum and milk of the cow 
is highly significant, and for the ewe is significant. The differ- 
ence in the amount of nicotinic acid in the colostrum and milk 
of the ewe is highly significant, but for the cow there was no 
significant difference. 

The colostrum of the cow contained an average of 0.62 ng- of 
thiamine per milliliter while the milk contained 0.38 |jg. per mil- 
liliter. The corresponding values for the colostrum and milk of 
the ewe are 1.08 ng. and 0.60 ng. per milliliter, respectively. The 
higher thiamine content of colostrum of both the cow and ewe 
differ from the findings of Knott et al. ( ’43) on human colos- 
trum and milk. These workers reported that human colostrum 
contained almost no thiamine and that there was a gradual 
increase in the amount up to 3 weeks after parturition. In 
contradistinction to this Escudero and Sola (’43) reported 
that human colostrum contained 43% more thiamine than 
human milk. A possible explanation of these conflicting re- 
ports is that the pre-parturient dietary regimen of the subjects 
may have furnished quite different amounts of thiamine. 

The colostrum of the cow contained an average of 6.10 Mg- 
of riboflavin per milliliter while milk contained 1.77 ng. per 
milliliter which is a ratio of about 3.4 to 1. The v'alues for 
riboflavin in the colostrum and milk of the ewe are 20.08 Mg. 
and 4.36 Mg. per milliliter, respectively. The higher riboflavin 
content of colostrum in these species is in accord with the 
higher value observed in human colostrum as compared with 
human milk by Escudero and Sola ( ’43). 

The nicotinic acid content of colostrum and milk of the cow 
is not significantly different. However, the milk of the ewe 
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contains almost twice as much nicotinic acid as the colostrum. 
This is the only respect in which the general relationship be- 
tween the amount of each vitamin in the colostrum and milk 
of the cow ditfers from that in the colostrum and milk of the 
ewe. 

The milk of both the cow and ewe contains significantly more 
pantothenic acid than the colostrum of the respective species. 
The higher pantothenic acid content of milk and the higher 
nicotinic acid content of the milk of the ewe is in contrast with 

TABLE 2 

Effect of progress of lactation period on level of thiamine, riboflavin and 


pantothenic add in 

cow *8 colostrum and milk. 


DAYh AFTER 
PARTURITION 

THIAMINE 

RIBOPT^VIN 

PANTOTHENIC 

ACID 


fiff /rul- 

fiff /ml. 

fig /ml. 

0 

0.58 

5.69 

1.73 

1 

0.59 

3.53 

3.20 

2 

0.59 

2.67 

3.96 

a 

0.59 

2.32 

4.24 

4 

0.58 

2.03 

4.01 

0 

0.59 

2.03 

4.05 

6 

0,58 

1.93 

4.19 

7 

0.57 

1.87 

4.29 

8 

0.56 

3.87 

4.38 

0 

0.56 

1.89 

4.16 

30 

0.38 

1.83 

3.82 


thiamine and riboflavin which are higher in colostrum. The 
values reported here for the thiamine, riboflavin, nicotinic acid 
and pantothenic acid in cow’s milk agree fairly well with the 
figures in the literature. They were included in the present 
study as they afford a more accurate control based on colos- 
trum and milk samples from the same animals. 

The daily change in the amount of thiamine, riboflavin and 
pantothenic acid in colostrum of the cow following parturition 
is shown in table 2. The data for nicotinic acid have been 
omitted from this table as there was no significant difference 
in the amount in cow’s colostrum and milk. Samples were 
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collected the day of parturition and daily thereafter for 9 
successive days. A sample of milk was collected again about 
the thirtieth day. The data in table 2 are average values for 
eight animals. 

The average thiamine value of the colostrum for the eight 
cows the day of parturition was 0.58 ng. per milliliter and 9 
days later it was essentially the same being 0.56 Mg. per milli- 
liter. The average thiamine content of the milk of the eight 
cows 30 days after parturition was 0.38 Mg. per milliliter which 
is the same as that shown for milk in table 1. It is interesting 
that the high thiamine content of colostrum and subsequently 
of the milk persists for a much longer period than does the 
high riboflavin level. The riboflavin declines rapidly after the 
first day and approaches the normal value for milk by about 
the sixth or seventh day of lactation. 

There is a marked increment in the pantothenic acid content 
of the colostrum as evidenced by the change from 1.73 Mg. per 
milliliter the day of parturition to 3.20 Mg. per milliliter on 
the second day. The pantothenic acid level approaches the 
normal level for milk about the third day following parturi- 
tion. No particular significance is attached to the slightly 
higher levels observed a few days later. 

SUMMARY 

There is a definite species difference in the amounts of 
thiamine, riboflavin and nicotinic acid in both the colostrum 
and milk of the cow and ewe. The colostrum and milk of the 
ewe are both much richer in each of these vitamins than the 
colostrum and milk of the cow. 

The colostrum of both the cow and ewe is much higher in 
thiamine and riboflavin than is the milk of the respective 
species. The colostrum of the cow contains an average of 0.62 
Mg. of thiamine and 6.10 Mg. of riboflavin per milliliter while 
the corresponding values for the milk are 0.38 Mg. and 1.77 Mg. 
per milliliter. Ewe’s colostrum contains 1.08 Mg. of thiamine 
and 20.08 Mg. of riboflavin per milliliter while the correspond- 
ing values for the milk of the ewe are 0.60 Mg. and 4.36 Mg. per 
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milliliter. There was no significant difference in the nicotinic 
acid content of cow’s colostrum and milk, but ewe’s milk con- 
tained almost twice as much as the colostrum. The panto- 
thenic acid level of the milk of both species is higher than it 
is in the colostrum. 

The riboflavin and pantothenic acid for the cow attain the 
level for normal milk within less than a week after parturition, 
but the high level for thiamine persists beyond the tenth day. 
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There is still a paucity of information on the question as to 
just how much green leafy vegetables contribute to human 
nutrition. Recently, they have been termed “protective” 
foods because of their dietary importance as sources of cal- 
cium and vitamins A, C, and G, which are among the nutrients 
most apt to be deficient in American dietaries (Report of the 
Committee on Diagnosis and Pathology of Nutritional De- 
ficiencies Food and Nutrition, ’43). However, with respect to 
calcium, members of the Goosefoot family of greens (spinach, 
Swiss chard, beet greens) and New Zealand spinach may 
contain sufficient oxalic acid to entirely nullify this nutrient 
contribution, as well as to render unavailable in the diet ad- 
ditional quantities of calcium in other foods such as milk (Koh- 
man, ’34, ’39; Fincke and Sherman, ’35; Fairbanks and 
Mitchell, ’38; Tisdall and Drake, ’38; Spiers, ’39). 

According to one report (Kohman, ’34), New Zealand spin- 
ach contained an unusually high percentage of oxalic acid, its 
concentration being about equal to the toxic amounts in rhu- 
barb leaves. Also, its vitamin C content has been listed at a rel- 
atively low figure (Hewston and Marsh, ’42). Since this crop 

'A contribution by the Department of Horticulture, Missouri Agricultural Ex- 
periment Station Journal Series no. 984. 
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is SO universally recommended as a desirable vegetable and 
as a good substitute for some other greens which cannot be 
grown so successfully during hot weather, additional infor- 
mation on its nutritional values, as compared with other leafy 
vegetables, was felt essential. Moreover, the effects of the 
soil and its fertility level on the nutrient quality of a given 
crop may alter its “protective” value, and are, therefore, 
commanding an increased attention in experimental studies 
with vegetables. 

EXPERIMENTAL 

New Zealand spinach was grown under controlled green- 
house conditions in gallon glazed crocks, using colloidal clay 
cultures as a soil medium (Albrecht and Schroeder, ’39). A 
series of sixteen treatments was prepared by supplying cal- 
cium and nitrogen at levels of 5, 10, 20, and 40 milliequivalents 
(m.e.) with all possible (i.e. 16) combinations of these amounts 
of the two nutrients. Thus, for each level of calcium, there 
were four levels of nitrogen, and for each level of nitrogen, 
there were four of calcium. Each of the sixteen series was 
replicated ten times with two plants in each replication. 

The calcium and nitrogen were provided by adding variable 
quantities of calcium acetate and ammonium nitrate, respec- 
tively, to the correspondingly required clay aliquots, replacing 
the naturally adsorbed hydrogen thereon with cationic nu- 
trients. Other materials supplied, but in constant amounts 
for all treatments, consisted of 20 m.e. each of potassium 
and phosphorus and 6 m.e. of magnesium and sulfate. 

The plants were grown for a period of about 70 days and 
the tops harvested, at which time they were judged to be in the 
most desirable eating condition. One specimen from each 
replication, making a total of ten individual plants separately 
analyzed in each treatment, was utilized for vitamin C analy- 
ses, conducted according to methods described by Wittwer, 
Schroeder and Albrecht ( ’45). The remaining ten plants from 
each treatment were harvested, dried, ground, and used col- 
lectively for the chemical determinations of oxalate, total 
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nitrogen, phosphorus, calcium, and magnesium. The A.O.A.C. 
( ’40) methods for calcium and magnesium were used. Oxalate 
was measured according to Pucher, Wakeman and Vickery 
(’41), total nitrogen according to Murneek and Heinze (’37) 
and phosphorus according to Piske and SubbaRow ( ’25). 

RESULTS 

The total growth of the plants and their composition, as 
related to increments of calcium and nitrogen, are given in 
table 1. The treatments are arranged into four nitrogen 
groups, in wliich the different calcium levels are averaged to 
show the influence of variable nitrogen. Regrouping, accord- 
ing to the calcium applied, is possible if the rather insignifi- 
cant effects of calcium are desired. 

The first outstanding feature observed with reference to 
the crop’s behavior was its very decided response to nitrogen 
as a fertilizer salt. This influence manifested itself in both the 
quantity and quality of vegetation produced. Yields were a 
direct function (treatment 5 a possible exception) of the sup- 
ply of nitrogen, almost witliout regard to the soil calcium 
supply. Within the edible portions of the plant, the vitamin C 
content was significantly depressed, as a result of increased 
nitrogen fertilization, which is in accord with recent reports 
on other fruits and vegetables (Jones et al., ’44; TTamner, 
Bernstein and Majmard, ’45; Wittwer, Schroeder and Al- 
brecht, ’45), Also, as more nitrogen was applied, decreases 
similar to those for vitamin C occurred in the concentrations 
of oxalate and phosphorus, though, as might be expected, 
the plants’ total nitrogen percentages increased. 

Of perhaps even more importance in human nutrition is 
the fact that New Zealand spinach is a very lean source for 
some of the essential food item§, normally thought to be 
plentifully supplied in the diet by all green leafy vegetables. 
The concentration range for vitamin C, in milligrams per 
100 gm. of fresh weight, was 20.9 ± 0.48 for high nitrogen 
plants to 29.6 ± 0.44 for those more deficient in this element 
(table 1). These values, when listed with those for other com- 
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mon greens, are very low. Members of the Goosefoot family 
(spinach, Swiss chard, beet greens) have a range of concen- 
trations from about 40 to 100 mg., while for vegetables of the 
Mustard family (kale, turnip greens, collards, mustard greens, 
broccoli) the range is from about 75 to 200. 

An especially deleterious feature of the composition of New 
Zealand spinach is its high oxalate content. Oxalic acid in 
chemical combination with calcium forms a very insoluble 
compound. This is likely to be true also of magnesium (Pierce 
and Appleman, ’43). Since New Zealand spinach has been 
reported to contain an unusually high percentage of oxalic 
acid, sufficient, perhaps, to more than precipitate and form 
insoluble, indigestible oxalates with the entire supply of the 
plant’s calcium and magnesium, the degree to which the 
oxalate would balance stoichiometrically and make insoluble 
these two basic minerals in the plant may be determined by 
converting to milliequivalents the percentages of oxalate, 
calcium and magnesium given in table 1. 

On such a chemically equivalent basis, the oxalate would 
exceed by several times the calcium at all fertility levels. Also, 
the total oxalate would be far in excess of the plant’s calcium 
and magnesium combined. Thus is left a sizable surplus of 
soluble oxalates for possible combination with calcium de- 
rived from other foods in the diet. If enough calcium from 
other sources such as milk were to be added to balance the 
excess oxalate, it would require from about four to six times 
as much as the crop itself contributes. With the problems 
of calcium availability in Now Zealand spinach, there are in- 
volved not only initially larger quantities of oxalate, but also 
amounts of calcium and magnesium native in the crop, which 
are considerably lower than those in any related vegetables 
(Schroeder and Albrecht, ’42; Wittwer, Albrecht and Goff. 
’45). 

SUMMARY AND CONCLUSIONS 

New Zealand spinach, compared with other leafy vegetables 
as a “protective” food, is a poor source for vitamin C. 
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Its low calcium and magnesium concentrations with an 
extremely high oxalate content suggest a negative mineral 
contribution; there is likely a precipitation of quantities of 
calcium derived from other foods consumed, tantamount to 
from four to six times that furnished by the plant itself. 

The response of the crop to nitrogen fertilization was (1) 
practically independent of the soil calcium, and (2) reflected 
by an increased yield of vegetation which generally became 
progressively inferior in nutritional value with each incre- 
ment of nitrogen. 

New Zealand spinach is at the bottom of the list of green 
leafy vegetables insofar as its vitamin C and calcium contri- 
butions are concerned. 
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THE RELATION OF VITAMIN A INTAKE TO 
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INTRODUCTION 

Tile iniiuniiiiii vitamin A reijuirement 1ms been defined by 
Smith (’42) as the amount of vitamin A calculated to a daily 
dose that just prevents clinical symptoms of vitamin A de- 
ficiency. This amount has been found adequate for good 
growth and general well-being but permits little or no storage. 
Goss and Guilbeit (’H9) on the basis of data obtained from 
vaginal smear I'ccords estimate the minimum vitamin A re- 
quirement for the albino rat at 1 ^-2.2 units of vitamin A per 
100 gm. body weight. This amount of vitamin A was said to 
be sufficient for normal groAvth. 

Lewis et al. (’42) have shown that intakes up to 25 U.S.P. 
units of vitamin A per rat daily result in improved growth. 
There was no increase in growth when amounts greater than 
25 units daily were fed. Baumann, Riising and Steenboek ( ’34) 
found that as little as one International Unit (I.U.) of vitamin 
A per rat daily was sufficient to cure xerophthalmia and re- 
store growth but that 7 to 17 I.U. were required to produce 
storage in the liver. Horton et al. ( ’41 ) conclude from their 
work that about 20 I.U. daily per rat were sufficient to main- 
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tain the blood level of vitamin A but were not sufficient for 
storage. 

Irving and Eicbards (’39) have postulated that the vitamin 
A requirement of the rat increases with age, 3 I.U. daily being 
sufficient to maintain normal colored teeth in the rat up to 52 
days of age. However, at 180 days of age, the teeth were not 
entirely normal in the animals receiving 3 I.U. daily. 

Guilbert and Hart (’35) believe that vitamin A require- 
ments are a function of the body weight. The majority of ex- 
periments reported in the scientific literature were conducted 
without consideration of the increasing body weight of the rat. 
Therefore, the rat fed on a straight daily dose basis would 
receive less vitamin A per unit of body weight as his size 
increased. 

McCay, Crowell and Majmard ( ’35) have shown that the 
life span of retarded growth animals exceeds that of animals 
which have grown to maturity rapidly. These results were 
obtained with animals whose growth was retarded by a defi- 
ciency of calories. That slower growth due to suboptimal 
vitamin A levels is not compatible with maximum life expec- 
tancy is demonstrated by the experiments of Sherman and 
MacLeod (’25). These experiments, however, do not provide 
data on the quantitative vitamin A requirement of the albino 
rat for maximum life expectancy. 

In view of the varying data it seemed advisable to carry on 
further investigations on the vitamin A requirement of the 
rat, administering the vitamin A on a body weight basis and 
carrying the animals throughout the entire life span on the 
experimental diets. Experiments were designed with the fol- 
lowing questions in mind : 

1. 'How does the minimum vitamin A requirement as pre- 
viously determined compare with the vitamin A requirement 
for maximum length of life? 

2, Is the minimum level of vitamin A previously established 
from vaginal smear records sufficient for normal growth, nor- 
mal tooth structure and for normal eyes? 
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EXPEBIMENTAL PEOCEDUBE 

Young rats 28 days of age were placed on the U.S.P. XII 
vitamin A-free diet until signs of vitamin A deficiency such 
as loss in weight and xerophthalmia occurred. They were then 
assembled into four groups as evenly as possible with regard to 
age, weight, sex, tooth condition, and general condition. The 
four groups then received in addition to the vitamin A-free 
diet the following vitamin A supplements per 100 gm. body 
weight daily : group A — 1 U.S.P. unit, group B — 2 U.S.P. 
units, group C — 4 U.S.P. units, group I) — 20 U.S.P. units. 
In terms of the requirement postulated by Goss and Guilbert 
(’39) this would be, respectively, i, 1, 2, and 10 times the 
minimum. 

The vitamin A-free diet had the following percentage com- 
position: casein ‘ (vitamin-free), 18.0; starch, 65.0; yeast — 
dried,® 7.5; irradiated yeast,® 0.5; salt mixture (U.S.P. no. 1), 
4.0; and cottonseed oil, 5.0. 

The source of vitamin A was distilled A ester * of approxi- 
mately 300,000 U.S.P. vitamin A units per gram. The same 
refrigerated stock of vitamin A was used throughout the ex- 
periment. The vitamin A potency was determined spectro- 
graphically and confirmed by bio^ssay. Dilutions were freshly 
made each Aveek and administered orally by syringe. The 
original stock solution was rechecked from time to time during 
the experiment to insure its maintenance of potency. 

The animals were weighed weekly and the size of the dose 
adjusted for the next week on the basis of this weight. Records 
of the appearance of the teeth and general condition of the 
animals were made at monthly intervals. All animals were 
maintained on this general regime for the entire life span. 

After starting vitamin A supplements the teeth of the ani- 
mals in groups A, B, C, and D were examined at monthly in- 
tervals. Records were kept by colored drawings of the upper 

‘Labeo Casein — The Casein Company of America, Inc., New York City. 

* Strain O — Anheuser-Busch, Inc., St. Louis, Missouri. 

a Type 9-F-~ Standard Brands, Inc., New York City. 

* Distillation Products, Inc., Bochester, New York. 
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incisor teeth of each animal. Observations were made with 
respect to (a) chalky appearance, (b) light yellow or white 
color (i.e., lack of normal orange pigmentation), (c) black dis- 
coloration and (d) any combination of these abnormalities. An 
arbitrary system of grading the abnormalities was adopted. 
Incisor teeth exhibiting a deep orange pigmentation and a 
translucent appearance wore considered normal and graded 0. 
Chalky white teeth with black pigmentation were graded 4. 
Intermediate degrees of abnormality were graded 1, 2, or 3 
depending on the estimated severity of the condition. These 
gradings may not be entirely indicative of degree since there 
was no way of knowing whether black discoloration or lack of 
pigment constituted the more severe change. 

The eye condition of the animals in all groups was noted 
every 2 weeks with regard to presence or absence of water, 
red exudate, corneal ulcers, swelling, etc. In judging the eye 
conditions an opaque cornea due to a healed corneal ulcer was 
not considei’ed abnormal since it represented a healing of the 
abnormal condition even though the eye could not be returned 
to normal. 

It was believed that the cottonseed oil in the diet would 
provide sufficient vitamin E. However, as the experiment 
progressed increasing evidence on the effects of vitamin 
E made it seem desirable to determine this so grou]» (' was 
subdivided when the experiment had been in iirogress about 
1 year. One-half the animals of group C were' continued 
on the original supplement of vitamin A (4 U.S.P. units per 
100 gm. body weight). The remainder of the group received, 
in addition to this dose of vitamin A, 0.1 mg. of mixed toco- 
phorols (from mixed tocopherol^ solution) daily per 100 gm. 
of body weight. This is well above the minimal dose of vitamin 
E established by Mason ( ’40) for the albino rat. Group C was 
chosen for the illustration of any possible synergistic effect 
of added vitamin E since this was proving to be a borderline 
group. The animals were surviving well, growth was fair, 
and the general appearance was fair. The teeth were showing 
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some abnormalities and in general the animals were inferior 
to group D. 

EESULTS 

The data on the effect of the addition of vitamin E to group 
C after 1 year on the experimental diet are presented in table 
1. Apparently the additional vitamin E had no beneficial effect 
on the tooth structure, the animals in both groups showing 
about the same increasing severity of abnormalities. Al- 
though both the average age at death and the average maxi- 
mum weights attained were slightly greater for the animals 
receiving vitamin E, inspection of the probable errors for 

TABLE 1 

Effect of added vitamin E on group C. 

VJT, ADDED • 
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later 
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mg 



f/W 

(lain 

r„ 

8 

4 

0 

1.0 

2.7 

r»34 ± 19 

589 ± 24 


7 

4 

0.1 


2.2 

;iof) ±19 

029 ± 28 


these two values indicates that these differences are not sig- 
nificant. The above data indicale that the basal diet was not 
improved by additional vitamin E. We have therefore dealt 
with group (/ as a single group in considei ing the I'cst of the 
data. 

For convenience the results of increasing vitamin A intake 
for tlie four groups arc; discussed under the headings of 
Longevity, Growth, Teeth, and Eyes. 

Lon^ievity. The data of table 2 show that the average ago 
at death of the animals increases with the amount of vitamin 
A fed. The average age at death of thirty-five similai’ly treated 
animals on the same diet receiving no vitamin A and serving 
as negative controls in routine assays was fi9 ± 0.9 days. One 
IT.S.P. unit of vitamin A although insufficient for maintenance 
of life over a long period does increase the life span signifi- 
cantly (i.e., from 69 ± 0.9 to 80 ±: 2 days). 
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The animals in group D receiving the highest level of vita- 
min A show an average age at death (649 days) which is com- 
parable to that obtained by other workers using synthetic 
diets. McCay, Crowell and Maynard (’35) report an average 
age at death for both sexes of 677 days in their fast-growing 
group. 

In figure 1, the mortality data for the four groups are 
charted at 100-day intervals along with the body weight curves. 
Inspection of these data reveals that differences in life span 
between the 4- and 20-unit levels only became apparent after 


TABLE 2 

Average age at death of animals receiving varying amounts of vitamin A. 


GROUP 

VITAMIN \ 
I'KR 100 GM 
BODY WEIGHT 
DAILY 

NO. 

ANIMALS 

STARTED 

9 

AVB AGE 

AT DEATH 

cT 9 

AVE. AGE 

AT DEATH 
A.LL ANIMALS 

A 

r S P units 

1 

9 

14 

(laj/ft 

81 79 

dnyts 

80 ±: 2 

B 

2 

9 

10 

204 

260 

234 ± 18 

0 

4 

10 

10 

478 

564 

521 ± 28 

I) 

20 

10 

10 

022 

675 

649 ± 30 


the animals are 200 to 250 days of age. In other words the 
higher vitamin A intake was actually effective in prolonging 
the latter half of the life span and not in reducing mortality 
during the early part of life. It might be postulated that there 
is an increased requirement for vitamin A at this time al- 
though more data would be required to substantiate this con- 
clusion. Irving and Richards (’39) have suggested that the 
vitamin A requirement of the rat increases with age. However, 
in their experiments the increasing body weight of the rat 
was not compensated for by increasing vitamin A intake. 

Growth. The growth curves for the four groups of rats 
during the experiment are shown in figure 1. It is obvious that 
1 U.S.P. unit of vitamin A per 100 gm. body weight is insuffi- 
cient for prolonged maintenance of life or growth in the albino 
rat. Moderate growth was obtained at the 2-unit level (group 
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B) and growth was progressively better at the 4- and 20-unit 
levels. 

Teeth. The effect of vitamin A deficiency on the structure 
of the tooth of the albino rat has been described in detail 
by Wolbach and Howe ( ’33) and by Schour et al, ( ’41). Irving 
and Richards ( ’39) have found 3 1.U. of vitamin A daily insufii- 
cient to maintain entirely normal teeth in older animals. 



Pig. 1 Body weight curves of rats receiving different amounts of vitamin A 
per 100 gm. of body weight. The columns at the lop show the number alive in 
each group at 100-day intervals. A — 1 U.S.P. unit, B — 2 IT.S.P. units, C — 
4 U.S.P. units, D — 20 U.S.P. units. 


In our experiments the incisor teeth became uniformly 
chalky (opaque) during the preliminary depletion period and 
the orange pigmentation changed from slightly lighter to 
nearly white in some cases. Frequently a black mottling of 
the teeth was observed. We note that other workers have ob- 
served the chalkiness and the lack of pigmentation but we 
have seen no mention in the literature of a black discoloration 
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accompanying vitamin A deficiency. This black discoloration 
appeared frequently in groups A, B, and C of this experiment 
but was of rare occurrence in group D. We have made no de- 
tailed histological studies of the discoloration. The symptom 
also appears frequently in animals depleted for vitamin A as- 
says in this laboratory. It does not resemble the mottling 
caused by excessive fluorine in the diet but from preliminary 
observations resembles a deposit of pigment. 

In table 3 the average tooth condition of the four groups 
after 26 weeks of supplement has been summariz(*d. This 

TABLE 3 

CUmchtion of eyrs ayid teeth of albino rats receiving different amounts of vitamin A 


GROUP 

NO. 

AI.TVE 

TOOTH OONPITION AT 

26 WEEKS 

TOOTH 

ORAI>K 

AVE 

EYE OONOITION AT 

26 WEEKS 

A 


AJl alHiormaP 


96% abnormal ^ 

B 

15 

All slfowed severe 
ahnormalitios 

3.38 

74%; showed abnormali- 
ties 

C 

19 

80<7r showed abnormalities 

2.05 

40% showed abnormali- 
ties 

I) 

19 

95% normal — very slight 
abnormality in 1 case 

0.08 

95% normal — 1 animal 
abnormal 


‘ ('oiidition at death — prior to 26 weeks. 


time period was chosen since most of the animals in groups 
B, C, and D were alive at this time and since it was typical 
of the entire period for each group. It is apparent from the 
data that the severity of the tooth abnormalities is inversely 
related to the vitamin A intake. Of the levels studied normal 
teeth were produced only at the 20-unit dosage. It is entirely 
possible that a level between 4 and 20 units would have suf- 
ficed. Photographs of the various degrees of tooth abnormal- 
ities observed in this experiment are to be found in figure 2. 

Eyes. In table 3 the average eye condition at 26 weeks or at 
death (whichever occurred first) has been recorded. The same 
general picture is again borne out — a decrease in abnormali- 
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ties witli an increase in vitamin A intake. Normal eyes in 95^^ 
of the eas(‘s were obtained only at the 2()-uni( level. The one 
ease of eye abnormality in this ]L*toui) was not nee(‘ssarily due 
to A defieieney for animats in this colony on a hi4>‘h A intake 
occasionally exhil)it a reddish exudate from the eye which 
])(M*sists over long* periods. 



Fig. 2 Tootli showing \orious d(*gm\s (»f ohnoniinlit y. 

0 Normal, translucont, orango-|ugiii(*nttMl tooth of rat 411^^ -- group 1). 20 

IT.S.P. units of vitamin A ))or 100 gm. of hody woight. 

] Oiiaqno, light-yrllow tooth of rat 30$ — group F 4 U.S.T*. units of vitamin 
A per TOO gm. of tiody weight. 

2 Light yellow color tooth with slight l)laek mottling of rat - grou]) C — 
4 IT.S.P. units of vitamin A per 100 gm. of body >\oight. 

3 Chalky-white tooth of rat ilO^ — group B — 2 F.S.P. units per 100 gm. of 
body weight. 

4 Chalky-white tooth with black mottling of rat llj* — groiij) P> — 2 F.S.P. 
units ])er 100 gm. of body weight. 
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|)TS(^T\SSI()N 

111 tlios(^ ox])(‘riin(Mils an alloAvaiu'O of vitainin A for tlie 
albino rat of 2 U.S.1\ units i)or 100 ^^in. of body w(‘igbt al- 
lowed only snbopiiinal ^i»Towlb and eni llie lif(‘ expeetaney to 
nearly on(‘-tbird of that attainable on tli(‘ same diel with in- 
creased vitamin A intakes The 12-unit level was also insnffieient 
foi* normal tooth strnetnn^ and Inndthy ey(‘S. 

Fi'om onr data it may be estimated that the vitamin A r(^- 
(jiiircmient of the* albino i-at lies Ixdwecm 4 and l2() F.S.P. units 
daily jier 100 ^in. of body weight. Althoiyi>*h no levels hii>her 
than 120 w(m*(‘ stndicKl, it is l)elieved that this 1(‘V(4 (Mjnals or 
exe(‘eds tlu* r(‘(|uii*em(‘nt sine(‘ (1) normal tooth and ey(' sti'in*- 
tiire Avas prodii(*(‘d at this h^vel and (2) a hve-fold in(‘r(‘as(* in 
vitamin A abov(‘ the 4-nnit lev(*l ])rodneed ai)i)roximat(‘ly a 
20^/ inei*(‘ase in body w(‘ig'ht and a 27)^/r in(M‘(‘ase in lif(‘ span, 
whereas the 4-iinit level eom])ar(‘d with th(‘ 2-nnit l(‘\'(‘l (i.(‘., 
only a two-fold iiier(*ase of vitamin A) ])rodn(‘(‘d an in(*r('ase 
of 120^/ ill lif(' s])an and an inei*eas(‘ of 20/^ in body wei|L>ht. 
This has be(*n .i»‘]‘aphieally represented in li.i>ure 3 and from 
this ^*raph the vilamin A rcMpiinmient of th(‘ albino rat may 
be (estimated at about 10 l .S.P. units pm* 100 i>ni. of l)ody 
Aveii>ht ])er day {i.(‘., tlu' ])oint a])proaehin.i»‘ the Hat i)oi*tion 
of the eurv(‘). Th(‘ r(‘<]uir(mH‘nt for normal t(‘eth and (‘y(‘< 
apparently lies in th(‘ sam(‘ general rang'e. Th(‘ data indi(*at(‘ 
that ojjtimal ,i»‘]*owth mi<»lit be used as a criterion for the es 
tablishment of a vitamin A recjuirement ade(juat(* for all ])hy- 
sioloi>ical fuiK'tions. 

This valu(‘ of 10 U.S.P. units <»r(*atly ex('(‘eds tlu* i*(*(juii*(‘- 
m(‘nt of 1.S-2.2 P.S.P. units p(‘r 100 |L»in. body W(‘i^ht (*stimated 
from tlu* data on vaginal smear records ((Joss and (Juilbe]*t, 
\30). B(‘tt(*r agreement is found with the values which just 
liermit storage* (7 to 17 F.S.P. units ])(*r rat found by Ibm- 
mann, Riising* and Steenbock, ’34) or Avhich ])(‘rmit oiitimnm 
growth and very slight storage (25 II.S.1\ units ])(*r rat as de*- 
teu'mined by Lewis (*t ah, ’42). Horton’s (’41) work on tlu^ 
amount of vitamin A necessary to maintain blood levels also 
indicates that 20 T.U. of vitamin A r(*pr(*s(*nts the daily rc*- 
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quirement of the rat but does not allow storage. Horton 
reports 4 1.U. per rat daily as suflScient for the cure of xeroph- 
thalmia. In our experiment, 4 U.S.P. units per 100 gm. body 
weight gave relief of xerophthalmia in 60% of the animals. 

It is believed that in establishing nutritional formulae a 
value for vitamin A should be used which is adequate to cover 
all physiological functions. Our experiments indicate that for 



Pig. 3 BelationRhi]j between vitamin A intake and bodv weight, x x 

body weight of rats at 26 \veeks. Relationship between vitamin A intake and age 
at death, o o average age at death of rats. 


the albino rat this value is approximately 10 U.S.P. units of 
vitamin A per 100 gm. body weight. Calculation of the data of 
other workers to a body weight basis indicates fair agreement 
with this value. 

SUMMARY 

On a vitamin A-free diet the life span of albino rats in- 
creases with increasing vitamin A intake at levels of 1, 2, 4 
and 20 U.S.P. vitamin A units per 100 gm. of body weight. 

The effect of increasing vitamin A levels is reflected similarly 
on the four physiological criteria studied — life span, growth, 
tooth structure, and eye condition. 




78 


HENRY E. PAUL AND MARY F. PAUL 


The vitamin A I’equirement of the albino rat estimated on 
the basis of maximum life span and optimal growth may be 
approximated at 10 U.S.P. units of vitamin A per 100 gm. 
of body weight. This is about five times the minimum require- 
ment previously estimated on the basis of vaginal smear 
records. 
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NICOTINIC ACID DEFICIENCY IN TUEKEY POULTS 
AND THE OCCUEEENCE OF PEEOSIS ^ 

GEOBGE M. BBIG(iS 

Dipartment of Poultry UushandrUy University of Maryland, College Park, Maryland 


ONE FIGURE 

(T{ecei\e(l for jmblicatioii Au^just 3, 11)45) 


Briggs, Mills, Elvolijem, and Hart (’42) have shown that 
young' chicks recinire a dietary source of nicotinic acid when 
fed highly i)urified diets. This finding has been extended to 
another avian species, the turkey, and the results, ])resented 
in this paper, show that the poult also recpiires nicotinic acid 
in the diet. Symptoms of a deficiency include jioor growth, 
inflammation of the month, diarrhea, and perosis. 

This observation extends the ever-growing list of animals 
which have been shown to require a dietary source of nicotinic 
acid since the discovery of the vitaniin nature of this com- 
]jound by Elvehjem, Madden, Strong, and Woolley (’.‘IH). 

EXl’EKIMENTAL 

Day-old turkey poults (crossbred), obtained from the Poul- 
try Department, Avere divided into uniform groiqis and rc'ared 

^ Sci(?ntific paper no. 1(I5. roiitrilmtion no. 1981 of tlir Maryland Agricultural 
Experiment Station (Department of Poultry Husbandry). 

The author is indebted to Mer(d< and Co., Tne., Rahway, X. J., for the crystalline 
vitfimiiis; Wilson and Co., Inc., Chicago, III., for gelatin; The Wilson Laboratories, 
(•hicago, 111., for Liver Fraction Ij; Allied Mills. Inc., Portsmouth, Va., for soy- 
bean oil; Abbott Laboratories, North Chicago, 111., for Haliver oil; E. 1. du Pont 
de Nemours and Co., New Brunswick, N. J.. for irradiated 7-dehy<lro-cholesterol ; 
to Mr. Stanley Weaver and Mr. Carl Spitzer for assistance in various )diases of tlic 
work, and to Dr. M. A. dull for valuable suggestions. 
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in electrically heated battery cages with raised wire floors. 
Feed and water were given ad libitum. Weighings and other 
observations were made weekly and the experiments conducted 
for a 4-week period. 

The basal ration, low in nicotinic acid but complete in all 
other nutrients, was composed as follows: glucose (“Cere- 
lose”) 61.4, casein (Vitamin Test GBI) 18, gelatin 10, 1-cystine 
0.3, soybean oil 4, and Salts 1 M * 6. Each 100 gm. also con- 
tained the following amounts of vitamins : thiamine HCl 0.4 
mg., riboflavin 0.8 mg., Ca pantothenate 2.0 mg., choline HCl 
250 mg., pyridoxine HCl 0.6 mg., biotin 0.02 mg., i-inositol 
100 mg., p-aminobenzoic acid 0.2 mg., 2-methyl-l, 4-naptho- 
quinone 0.1 mg., and alpha-tocopherol 0.5 mg. Vitamin A and 
vitamin Dj (1200 U.S.P. units and 170 A.O.A.C. units, respec- 
tively) were fed by dropper weekly. Unidentified factors were 
supplied by a norite eluate concentrate of liver, containing 
vitamins Bio, B,i, and Be, prepared from Liver Fraction L 
(Wilson) by the method of Hutchings, Bohonos, and Peterson 
(’41). The amount of this fraction added was equivalent to 
4% of original Liver Fraction L (or about 0.2% dry matter). 
The amount of nicotinic acid in the basal ration was not de- 
termined but since it is nearly identical with the ration used 
by Briggs et al. (’42) it probably contained not more than 
0.3 mg. of nicotinic acid per 100 gm. 

RESULTS 

A summary of four different experiments is given, for the 
sake of simplicity, in table 1. It can be seen that poults re- 
ceiving the basal ration grew poorly, with some deaths, and 
developed an inflammation of the mouth parts (similar to 
chick blacktongue). In addition, poults receiving the basal 


’ Sfilts 1 M are composed of the following ingredients by weight : 


OaOOs 

150.0 

McrS04*7H80 

50 0 

ZnCl, 

0.2 

K 9 HPO 4 

90.0 

Fe(CflHft0t>8.6H80 

14.0 

CuSOi.SHaO 

0.2 

Na8HP04 

73.0 

Mn804.4H80 

4.1 

HaBOs 

0.09 

Ca*(PO*)a 

130.0 

KI 

0.4 

C 08 O 4 . 7 H 8 O 

0.01 

NaOl 

88.0 




'60b.b““ 


When fed at a level of 6%, the mixture supplies 1.11 gm. of calcium, 0.58 gm. 
of phosphorus, and 0.01 gm. of manganese per 100 gm, of ration. 
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]‘atioii liad poor foathors, diarrlioa, low feed consumptioji, and 
low efficiency of feed utilization as compared with the 

conti'ol value of .(JSfi). 

As th(‘ level of nicotinic acid was increased in the ration, 
growth likewise incri^ased until a lev(4 of to 5 mg*. ])er 100 
gin. Avas 7‘(‘ach(‘d. Tluu-e was a inai'ked decrease in the inci- 
(huice of inflammation of the mouth with the addition of 1 mg*, 
of nicotinic acid ])ei* 100 gin. of ration and higher amounts 
jirevented this trouble entirely. Thus, a greater lev(‘l of nico- 
tinic acid is !*e(iuir(Ml for growth than for the jiii'vention 

TABJ.E 1 

Thr ('ff'rct (if iKcofunc (h^kI intake on (fioirtli, inflauinialion of the vioulli, 
and jarosis in tnrlii/ poult h. 


NO 

NO \> hK VOW WKKiJn WITH NO 

sriTliLMKNT TO T? VTTON NO AIIV!- AT 1 WIO.KS fNFOAM • Wl'l II 

( NK’OTINIO AOIIi liOW ) STAKTID \T (WITH KANOW) MATION OKU 






4 \\ Ks 


ovr 

OF 

MOI Til 

OSl's 

1 

None 


19 

i:*. 

114 

( .S4 144) 

14 

9 

o 

1 nig. 

nieotinii' <m<M( 1/1(H» gm 

{) 


lol 

(129 199) 

1 

8 


13 ing. 

nicotinie aeid/lOO gin 

1 ; 

11 

297 

( 179-,85S) 

9 

9 

i 

8 mg. 

nieotmie aeid ''10(1 gm 

1 ; 

i:{ 

882 

(175-488) 

9 

4 


4 mg. 

nu'otinie aeid/ 1(M> gm. 

t 

7 

845 

(899-489) 

9 

9 

<) 

") mg. 

nieotin’K' iM'id/lOC gm. 

139 

29 

859 

( 2l2-4(;i)') 

9 

1 


lo mg. 

nn otinie aeid/lOO gm. 


9 

879 

( 2 S 7-495) 

9 

9 


of mouth inllaimnation. The lO-mg*. Ie\t‘l of nicotinic acid gave 
slightly l)ett(M* gi'owth than th(‘ o-nig. h^V(4. This d^ffercucc*, 
h()W(‘V('r, is not tliought to he signilicant. A larger nunihcM* 
of ])oulls would hav(' lo he us(‘d in ordm* to establish lh(‘ exa(*t 
h‘vel of nicotinic acid recpiired. 

Pt^rosis. It will h(‘ noted in table 1 that th(‘ poults nH'civing 
loAV levels of nicotinic^ acid had p(*rosis (tig. 1). The incidence 
of ])erosis was highest in tlu^ groui)s r(H*eiving 2 mg. ol nico- 
tinic acid and was also more severe in these grou])s, often 
invedv^ing an actual sli])i)ing eif the tendon of Aediilles tmin its 

’ Total woi^flit pfaniod 

Total feed eoiisiniied 
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condyle. Higher levels of nicotinic acid caused a marked re- 
duction of incidence of perosis. It is evident, therefore, that 
nicotinic acid is required by the poult for the prevention of 
perosis in addition to manganese (Ringrose, Alartin and 
Insko, ’39), choline (Jukes, ’40), and biotin (Patrick, Boucher, 
Dutcher and Knandel, ’43). 



Pig. 1 A typical case of perosis in tlie turkey poult due to too low a level of 
nicotinic acid in the diet. 


DISCUSSION 

The amount of nicotinic acid required by the turkey poult 
(at least 3 to 5 mg. of nicotinic acid per 100 gm. of ration) is 
not less than two or three times higher than the minimum 
level required by the White Leghorn chick (Briggs et al., ’42). 
This is not especially surprising since it has been found that 
the turkey poult’s requirements for most of the other vita- 
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mins is higher than that for the chick. It should be emphasized 
that the nicotinic acid deficiency in the poult was produced 
by the use of a highly purified diet and that the results do not 
show whether or not the requirement for nicotinic acid by 
poults receiving practical rations is the same. 

The perosis obtained in these experiments might be expected 
from studies with young chicks which have shown that a nico- 
tinic acid deficiency in a ration, adequate in all other respects, 
may result in perosis (Briggs, Luckey, Tepley, Elvehjem and 
Hart, ’43, and unpublished data). The occurrence of perosis 
due to this deficiency may explain the perosis obtained in 
poults by Patrick et al. ( ’43) which they attribute to an un- 
recognized factor in yeast “which can be adsorbed on fuller’s 
earth or norite and subsequently eluted with ammonium hy- 
droxide.’’ The simplified rations which they used appear to be 
low in nicotinic acid. Evans, Ehian and Draper (*43) have 
reported that turkey poults, receiving a natural type of diet, 
require another factor or factors for the prevention of perosis 
other than manganese and choline. 

It is recognized that still other factors may be required for 
the prevention of perosis. If still another unidentified factor 
(or factors) is required, it must be contained in the norite 
eluate concentrate of the basal ration (or as an impurity in 
the other purified ingredients). 

SUMMARY 

Turkey poults, when fed a highly purified diet containing all 
necessary nutrients except nicotinic acid, grew poorly and de- 
veloped certain deficiency symptoms such as infiammation of 
t^e mouth, diarrhea, low feed consumption, poor efliciency 
of feed utilization, poor feathering, and perosis. The perosis 
in the deficient birds occurred in spite of ample manganese, 
choline, and biotin in the diet. All symptoms were prevented 
by the addition of 3 to 5 mg. of nicotinic acid per 100 gm. of 
ration. Higher levels of nicotinic acid, however, may be 
needed for optimum growth. 
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FACTORS AFFECTING THE DIETARY NIACIN AND 
TRYPTOPHANE REQUIREMENT OP THE 
GROWING RAT ^ 


W. A. KBEHL, P. 8. SAEMA, L. J, TEPLY AND C. A. ELVEHJEM 
Department of Biochemistry, College of Agriculture, University of Wisconsin, 

Madison 


ONE nGUEE 

(Beceived for publication August 6, 1945) 

That the dietary requirement of a single nutrient can be 
rather variable and dependent upon the character and quality 
of the accompanying nutrients is becoming increasingly 
evident. Such interplay of nutrients is classically exemplified 
by the sparing action of fat on thiamine (Evans, Lepkovsky 
and Murphy, ’34) and the increased dietary riboflavin require- 
ment for the rat on high fat rations (Mannering, Lipton and 
Elvehjem, ’41). The effect of the type of carbohydrate on 
intestinal synthesis of undifferentiated B complex factors is 
evident from the coprophagy studies of Guerrant, Dutcher 
and Tomey (’35) and Guerrant, Dutcher and Brown (’37). 
The effect of these extrinsic variables which so markedly alter 
the physiology of the organism, has resulted in an increased 
interest in the importance of these factors to the host. Krehl, 
Teply and Elvehjem ( ’45) have shown that when corn is added 

* Published with the approval of the Director of the Wisconsin Agricultural 
Experiment Station. This work was supported in part by a grant from the 
National Dairy Council, on behalf of the American Dairy Association. We are 
indebted to Merck and Company, Inc., Bahway, N. J., for the generous supply of 
crystalline B vitamins; to the Abbott Laboratories. North Chicago, Illinois, for 
the generous supply of haliver oil ; and to the Wilson Laboratories, Inc. ; , Chicago, 
Illinois, for the solubilized liver extract, fraction L, 
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to synthetic rations, the nicotinic acid requirement of the dog 
is increased. In addition it has been demonstrated (Krehl, 
Teply and Elvehjem, ’45) that corn is an etiological factor in 
the production of a nicotinic acid deficiency in the rat, a species 
which heretofore had not been shown to require a dietary 
source of this vitamin. This deficiency was further compli- 
cated by the fact that increased levels of casein eliminated 
the deleterious etfect and that tryptophane alone was etfective 
on low casein diets (Krehl, Teply, Sarma and Elvehjem, ’45). 
From these results it is evident that an interrelationship be- 
tween a vitamin (nicotinic acid) and an amino acid (trypto- 
phane) exists. Although this phenomenon appears to be new 
in animal nutrition it is not so in bacterial nutrition as Stokes 
and Gunness (’45) have shown that pyridoxine and pyri- 
doxamine and certain amino acids have a dual role for some 
Lactobacilli. 

This investigation was carried out to obtain further infor- 
mation on the • interchangeable role of nicotinic acid and 
tryptophane and the relationship of other ration components 
to the dietary tryptophane requirement. 

EXPERIMENTAL AND RESULTS 

General 

The composition of the nicotinic acid low basal rations used 
is given in table 1. Vitamins were incorporated in all these 
rations, unless otherwise indicated, at the following levels: 
thiamine chloride 0.2, riboflavin 0.3, pyridoxine HCl 0.25, 
calcium pantothenate 2.0, choline chloride 100, inositol 10, 
2-methyl-naphthaquinone, 0.1 and biotin 0.01 mg. per 100 gm., 
respectively. Halibut liver oil diluted 1 : 2 with corn oil was 
fed at a level of 2 drops per week, with a-tocopherol included 
at 0.5 mg. per drop. A norite eluate of solubilized liver extract, 
prepared so as to contain practically no nicotinic acid was fed 
where indicated. This preparation was made by adjusting 
the norite eluate to pH 3, followed by the addition (in the 
cold) of absolute ethanol to make a concentration of 90% by 



Composition of basal rations used. 
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I, 4 *r 


bc'a 'S 

III I 


q 3 00 w 


Generous levels of vitamins (see text) were supplied in all rations. 

^ Extracted 3 X with hot 95% ethanol. * Phillips and Hart ( ^ 35 ). 

* Fed at a level to allow 15% protein, 5 ^ commercial whole milk powder. 

® Washed twice with hot water, * Unenriched refined wheat flour. 
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volume. The voluminous precipitate was filtered off, redis- 
solved in the least amount of water necessary, the pH re- 
adjusted to 3, and the precipitation repeated as above. By 
this means nearly all of the nicotinic acid was removed with 
a minimum loss of “folic acid” activity. The com products 

TABLE 2 


Protein, tryptophane and nicotinic add contents of dietary supplements. 


SVPrLSMEKT 

PBOTXIN, TBTPTOPHAN^ ilKB NIOOTINIO ACID 
CONTENT OP SUPPLEMENT 

Protein 
(NX 6.25) 

Tryptophane 

Nicotinic 

acid 


% 

mg.% 

mg.% 

Corn grits 

9.0 

25 

0.65 

Yellow corn 

8.6 

52 

2.28 

White corn 

9.2 

55 

2.25 

Ethanol extracted yellow corn 

7.2 

43 

1.30 

Polished rice 

7.5 

75 

1.40 

Soybean flour 

50.0 

600 

2.00 

Whole wheat 

15.0 

150 

5.50 

Eeflned wheat flour ^ 

13.5 

108 

1.0 

Whole rye flour 

12.5 

125 

1.05 

Rolled oats 

12.5 

150 

1.05 

Skim milk powder 

37.5 

450 

1.05 

Klim* 

26.8 

322 

0.66 

Whole milk 

3.4 

54 

0.08 

Casein 

100. 

1200 

<0.01 

Wheat gluten 

88. 

800* 

1.62 

Gelatin 

105. 

0.0 

<0.01 

Corn starch 





* Unenriched white flour. 

* A commercial whole milk powder. 

* Calculated as 0.8%, based on 100% protein, calculated to 16% nitrogen. 


and other cereals (table 2) were added to the extent of 40% 
of the entire basal ration. The vitamin and cystine levels 
were maintained as previously indicated in both the basal and 
supplemented rations. The counteracting effect of nicotinic 
acid and other substances was tested by incorporating them in 
the supplemented ration unless otherwise specified. 
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All the crude materials were ground to a consistency com- 
parable to the rest of the ration and analyzed for crude protein 
(N X 6.25) and nicotinic acid (table 2). The protein and 
nicotinic acid content of the various rations presented in 
table 3 are calculated on the basis of analytical results given 
in tables 2 and 3. The tryptophane values given in tables 2 
and 3 are based on the best and latest available analytical 
data given by Block and Bolling (’43, ’45). All rations were 
fed ad libitum to weanling rats of the Sprag^ue Dawley strain. 
The growth period employed was 5 weeks unless otherwise 
indicated, and the growth results are presented in grams 
gained per week with the range in parentheses. The growth 
data obtained in the various experiments are presented in 
table 3. 

Although the results are given only for the sucrose basal, 
growth was very good (28-30 gm. per week for 5 weeks) ir- 
respective of the basal ration used (table 1) with the exception 
of rations 10 through 18 (to be discussed later). A growth 
performance markedly below that obtained on any of the 
basal rations then must be considered due to the deleterious 
action of the supplement used. To generalize further the 
addition of 1 to 1.5 mg.% of nicotinic acid (or 50 mg.% of 
tryptophane) to a corn supplemented ration invariably re- 
sulted in growth equal or superior to that obtained on the 
basal ration. 

The results obtained with the basal rations, which contain 
practically no nicotinic acid clearly demonstrate that a diet- 
ary source of this vitamin is not required by the rat. Since 
the basal rations cannot be formulated to the same compo- 
sition as the supplemented rations, results obtained with them 
are not to be interpreted as direct controls, but rather as 
valuable indices in interpreting growth results. Comparison 
of the growth performance on the corn-supplemented rations 
and these rations plus nicotinic acid or other corrective sup- 
plements, is however, a direct one. 



TABLE 3 

Growth results on various diets. 


TIOH 

(TABLS 1) + ADDED SUPPLEMEST 


(TABLE 2) 


NlCO’ f^YPTO- TOTAL TOTAL 
TINIO pjt0‘ TBYPTO- 

ADDED TEIK PKANE 


TOTAL OAIJr 

NICO- FEB 

TINW WEEK * 
ACID (BANGS) 


1 

1 


+ or 

+or 

- % 
15.0 

mf. % mg. % gm. 

180 < 0.01 28(26-32) 

2 

1 

Corn grita 

_ 

— 

12.6 

118 

0.27 

7( 4-11) 

3 

1 

Corn grits 

-h 

— 

12.6 

118 

1.27 

29(24-35) 

4 

1 

Yellow corn 

— 

— 

12.4 

129 

0.92 

13(11-16) 

5 

1 

White corn 

— 

— 

12.7 

130 

0.91 

14 ( 7-16) 

6 

1 

Polished rice 


— 

12.0 

138 

0.56 

31(27-34) 

7 

1 

Soybean flour 

— 

— 

29.0 

348 

0.80 

26(21-38) 

a 

1 

Whole wheat 

— 

— 

15.0 

168 

2.20 

31(31-31) 

9 

1 

Befiiied wheat flour 

— 

— 

14.4 

151 

0.40 

29(26-30) 

10 

1 

Bye flour 

— 

— 

14.0 

158 

0.41 

26(24-27) 

11 

1 

Boiled oats 

— 

— 

14.0 

168 

0.41 

28(26-29) 

12 

4 

Corn grits 

— 

— 

12.6 

118 

0.27 

23(18-29) 

13 

3 

Corn grits 

— 

— 

12.6 

118 

0.27 

21(13-26) 

14 

5 

Corn grits 

— 

— 

12.6 

118 

0.27 

15(12-17) 

15 

1 

Corn starch 

— 

— 

9.0 

108 

<0.01 

19(16-22) 

16 

1 

Corn grits + norite eluate ‘ 

— 

— 

12.6 

118 

0.27 

6( 5- 8) 

17 

1 

(low vitamins)* 

— 

— 

15.0 

180 

<0.01 

21(17-27) 

18 

1 

Corn grits (low vitamins)* 


— 

12.6 

118 

0.27 

7( 5-10) 

19 

1 

Corn grits (low vitamins)* 

+ 

— 

12.6 

118 

1.27 

20(18-21) 

20 

4 

(low vitamins)* 


— 

15.0 

129 

<0.01 

28(26-31) 

21 

4 

Corn grits (low vitamins)* 
Corn grits (low vitamins)* 


— 

12.6 

118 

0.27 

15(11-18) 

22 

4 

+ 

— 

12.6 

118 

1.27 

24(21-29) 

23 

1 

Corn grits (high vitamins)® 

— 

— 

12.6 

118 

<0.01 

6( 6- 7) 

24 

1 

Corn grits (high vitamins)® 

+ 


12.6 

118 

1.77 

20(19-22) 

25 

1 

Corn grits + 5 cc. milk/day 


— 

12.7 

121 

0.28 

18 ( 9-26) 

26 

1 

Corn grits -f 10 cc. milk/day 

— 

— 

12.9 

124 

0.28 

23(21-24) 

27 

9 

Yellow corn 



12.4 

129 

1.16 

31(26-34) 

28 

8 

Corn grits 

— 

— 

12.6 

118 

0.48 

28(25-31) 

29 

6 

Corn grits 

— 

— 

12.6 

118 

0.27 

10( 9-12) 

30 

7 

Corn grits 

— 

— 

12.6 

118 

0.27 

12(10-14) 

31 

2 

Yellow corn 

— 

— 

15.4 

165 

0.92 

30(22-35) 

32 

1 

Corn grits 

— 

+ 

12.6 

168 

0.27 

31(27-37) 

33 

1 

Corn grits 

— 

+ 

12.6 

218 

0.27 

33(26-35) 

34 

1 

Corn grits 

+ 

— 

12.6 

118 

1.77 

33(31-36) 

35 

10 


— 

•— 

25.0 

120 

0.25 

7( 4-12)® 

36 

10 


+ 

— 

25.0 

120 

1.25 

23(21-28) 

37 

10 


— 

+ 

25.0 

145 

0.25 

22(17-26) 

38 

14 


— 

— 

30.0 

160 

0.32 

26(24-29) 

39 

11 


— 

— 

25.0 

120 

0.25 

21(17-24) 

40 

12 



— 

25.0 

120 

0.25 

18(18-18) 

41 

13 


— 

— 

25.0 

120 

0.25 

13 ( 8-18) 

42 

13 


+ 

— 

26,0 

120 

1.25 

23(19-26) 

43 

15 



— 

21.5 

92 

0.85 

23(18-26) 

44 

15 


— 

21.5 

92 

1.85 

30(29-31) 

45 

16 


— 


9 

108 

<0.01 

24(21-28) 

46 

17 


— 

— 

9 

108 

<0.01 

26(24-28) 

47 

18 


— 

— 

9 

108 

<0.01 

14(12-15) 

48 

18 


-f 

— 

9 

108 

1.5 

17(17-18) 

49 

18 


— 

+ 

9 

‘158 

<0.01 

21(19-23) 


^ Norite eluate ss 23 fig> Bp (8. lactis assay) per 100 gm. of ration, 

* (low vitamins) — general vitamin level reduced to 60% of that given in text. 

* (high vitamins) — general vitamin level increased to 3 times that given in text. 

* Three animals used per group. Most experiments were repeated. 

* 4-week8 growth period from weaning. This applies to all groups 35-49, inclusive — the rest 
of the items given in this column. 
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Effect of varieties of corn and other cereals on the 
growth of rats 

Since corn grits are consumed in large quantities in the 
southern part of the United States and since they produce 
the most serious growth retardation (table 3) most of the 
work reported was done with this product. It can be seen 
(table 3, groups 4 and 5) that yellow or white com do not 
retard growth as severely as corn grits. This may be due to 
the combined effect of the larger nicotinic acid and trypto- 
phane content of these materials. Nicotinic acid in every case 
counteracted these growth depressions. 

Corn grits which were heated (dry) in the autoclave for 1 
hour at .15-pounds pressure still produced very poor growth. 
Ground white corn was reduced to the consistency of ordinary 
white flour by grinding for 24 hours in a ball mill, yet no 
significant improvement in growth could be observed as a 
result of this treatment. 

In addition to corn, other cereals, namely polished rice, 
whole wheat flour, refined wheat flour, whole rye flour, whole 
rolled oats, and soybean flour were tested in a comparable 
manner. Good growth resulted in every case (table 3, groups 
6 through 11). It is interesting to note that though polished 
rice, rolled oats, and rye, aU contain significantly less nicotinic 
acid than yellow corn, yet they did not produce growth 
depression. This fact may in part be attributed to a higher 
tryptophane content. 

The role of carbohydrate and vitamin level in counteracting 
the growth depressing action of corn 

Inasmuch as it has been shown (Mannering, Orsini and 
Elvehjem, ’44; Schweigert, Mclntire, Henderson and Elveh- 
jem, ’45) that the type of carbohydrate used in a synthetic 
ration has a marked influence on vitamin synthesis in the 
intestinal tract, the effect of corn was tested when fed with 
sucrose, glucose, dextrin and lactose. When lactose was used 
the carbohydrate portion of the ration contained two-thirds 
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sucrose and one-third lactose, since rats fail to grow on a 
high lactose low-fat ration (Schantz, Elvehjem and Hart, ’38). 
Starch was also used, but in this case it was added, to the basal 
ration in the usual manner to the extent of 40%. The growth 
results obtained using various carbohydrates are shown in 
table 3, g^roups 12, 13 and 14, and it is elvident that glucose, 
dextrin and to a lesser degree, lactose exert a marked in- 
fluence in modifying the undesirable action of corn grits. 
These observations strongly indicate that corn produces 
alterations in the intestinal flora and that the type of carbo- 
hydrate used may be important in determining the extent of 
these changes. This theory is given additional support by the 
fact that when corn starch alone is added to the basal ration 
to the extent of 40% reasonably good growth is obtained 
(table 3, group 15), even though the nicotinic acid content is 
negligible and the 9% casein in this ration supplies several 
of the essential amino acids below the minimum indicated by 
Rose (’37). Furthermore, animals which received glucose, 
dextrin or lactose show a pronounced variability in growth 
not only between animals in the same group but at different 
points in the growth period, with poor growth occurring at 
first, followed by rapidly increasing growth from week to 
week. This variation might be due to a gradual favorable 
modification in the intestinal flora under the influence of the 
proper type of carbohydrate. Since Boutwell, Geyer, Elveh- 
jem and Hart ( ’45) have shown that the level of vitamins is 
important in determining the growth of rats on high-fat 
rations, the vitamin level of the basal and corn-supplemented 
ration was lowered to 60% of the usual level. The results of 
this modification are noted in table 3, groups 17 through 22. 
When the vitamin level was lowered, glucose, which had pre- 
viously exerted a protective action against corn, now failed to 
allow adequate growth on the corn-supplemented ration, 
although growth on the basal was normal. On the lowered 
vitamin level, growth on the sucrose basal was reduced from 
28 to 21 gm. per week. Nicotinic acid was correspondingly 
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less efficient in counteracting the action of corn particularly 
when sucrose was used as the carbohydrate. 

Since it is apparent that a lowered level of vitamins pro- 
duces a significant effect, the vitamin level was tripled. It 
can be seen (table 3, groups 23 and 24) that no benefits were 
obtained from raising the general level of vitamins ; in fact, 
the usual effectiveness of nicotinic acid was somewhat im- 
paired. Norite eluate s to 23 Mg* of vitamin Bo per 100 gm. 
of ration did not counteract the growth depression caused by 
corn ; neither did p-aminobenzoic acid at a level of 25 mg. per 
100 gm. of ration. Hence nicotinic acid alone of all the known 
members of the B complex factors seems to have a specific 
counteraction against the growth retarding effect of corn. 

Milk and milk products as corrective agents 
against the effect of corn rations 

Since Goldberger, Waring and Willets ( ’15) demonstrated 
that pellagra was a deficiency disease and advocated a good 
diet including adequate amounts of milk as a preventive 
(Goldberger and Tanner, ’24), the value of milk in counter- 
acting the deficiency caused by corn was ascertained. 

When milk was fed at a level of 5 and 10 ml. per day as a 
supplement to the ration which contained corn, a marked 
beneficial effect was observed (table 3, groups 25 and 26). 
The addition of 5 and 10 gm. levels of whole milk powder per 
100 gm. of ration also gave favorable results. In all cases 
where these small amounts of milk were used, growth was 
variable and quite often delayed, a phenomenon which also 
was seen on those carbohydrate rations which proved bene- 
ficial. In addition, the effect of these relatively small additions 
of milk could in every case be further improved by the addition 
of nicotinic acid. It should be emphasized, however, that the 
positive results that were obtained could not be related to 
the nicotinic acid or tryptophane content .of the milk, but 
probably to an altered intestinal flora resulting from the feed- 
ing of milk. This difference in flora is obvious from a gross 
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observation of the enlarged cecum and of its contents. A 
skim milk powder ration (table 1, ration 9) and a whole milk 
powder ration (table 1, ration 8) were supplemented with 
yellow com and com grits, respectively. Excellent growth 
was obtained in both cases (table 3, groups 27 and 28). Again 
the results cannot entirely be attributed to the nicotinic acid 
or tryptophane content of these rations. These favorable re- 
sults are probably due to a combination of several factors, 
including the high level of lactose. 

Since Boutwell et al. ( ’45) have shown a nutritional dif- 
ference between butter fat and corn oil, an experiment was 
designed to test the difference between these two fats in corn- 
supplemented rations. The high-fat basal rations (table 1, 
rations 6 and 7) which contain butter fat and corn oil, re- 
spectively, were supplemented with corn grits. Good growth 
was obtained with either basal ration, but neither butter fat 
or com oil proved effective in counteracting the action of corn 
(table 3, groups 29 and 30). 

The efficacy of tryptophane in counteracting 
the action of corn 

That tryptophane is intimately concerned in the deficiency 
syndrome caused by corn has been demonstrated (Krehl et 
al., ’45). Increased tryptophane ingestion, whether by in- 
creased protein level, or added 1 ( — ) or dl-tfyptophane in 
amounts as low as 50 mg. per 100 gm. of ration is as effective 
as 1 or 1.5 mg. of nicotinic acid, in counteracting the dele- 
terious effect of corn (table 3, groups 32, 33 and 34). 

If nicotinic acid produces the observed effect by establishing 
a type of intestinal flora which favors the synthesis of protein 
(tryptophane) then small injections of nicotinic acid should 
have a limited action providing excretion into the intestine 
does not occur. If in the same manner, a tryptophane defici- 
ency is the critical factor in this syndrome, the injection of 
this substance in amounts comparable to those effective in the 
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ration, should prove completely adequate in correcting the 
deficiency. 

To test this idea four groups of rats (3 rats per group) that 
had received the corn supplemented ration were treated as 
follows: Group 1 received 0.1 mg. of nicotinic acid daily (this 
amount received daily in the diet is adequate), group 2 re- 
ceived 0.2 mg. of nicotinic acid daily while group 3 was given 
5 mg. of tryptophane daily. The tryptophane and nicotinic 
acid supplements were injected each day subcutaneously. The 
fourth group was maintained untreated as a control. After 1 
week the growth results obtained in grams gained per day 
were as follows: Group 1 receiving 0.1 mg. nicotinic acid, 
2.4; group 2 getting 0.2 mg. nicotinic acid, 4.3; group 3 with 
5 mg. tryptophane, 6.6; and group 4, the control, 0.55. 

It is evident that the performance of animals receiving 
tryptophane injections is superior particularly when com- 
pared to the lower level of nicotinic acid. This line of evidence, 
while favoring the idea that a tryptophane deficiency is para- 
mount in this problem, is not conclusive. Again we cannot bo 
sure to what extent excretion of the injected nicotinic acid or 
tryptophane into the intestinal tract modifies the above 
results. 

Counteraction of corn by various levels of nicotinic acid 
and nicotinic acid derivatives 

Numerous levels of nicotinic acid were tested to determine 
the range of etfectiveness of this vitamin in counteracting the 
deficiency caused by feeding corn. Levels ranging from 0.05 
to 1.5 mg.% were tested and the results plotted in figure 1. It 
is apparent that the first level of nicotinic acid to show a sig- 
nificant effect is 0.4 mg.%. This level is based on sucrose as 
the carbohydrate and might be different when other carbohy- 
drates are employed. 

The following derivatives of nicotinic acid were also tested : 
nicotinamide, ethyl nicotinate, N-phenyl nicotinamide, trigo- 
nelline and nicotinamidemethochloride. These derivatives 
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were fed on a molar equivalent basis equal to 1.5 mg.% of 
nicotinic acid. Of these compounds, only nicotinamide and 
ethyl nicotinate were active. These results correlate with 
the action of these substances in curing blacktongue in the 
dog (Woolley, Strong, Madden and Elvehjem *38). N-phenyl 
nicotinamide appears to be inactive for the rat whereas it is 



Fig. 1 The effect of various levels of nicotinic acid in counteracting the growth 
depression caused by corn. 


about 25% as active as nicotinic acid for the dog. It is in- 
teresting to note that nicotinamidemethochloride is as inactive 
for the rat as for the dog (Teply, Krehl and Elvehjem, ’45). 
This is in contradiction to the observation of Najjar, Ham- 
mond, English, Worden and Deal (’44), concerning the com- 
pound. 


Additional observations on the deleterious 
effect of corn 

Since all of the above experiments were done with male rats, 
the same experimental conditions were applied to a series of 
female rats in which case growth depression from com and 
coimteraction by nicotipic acid took place in a similar manner. 
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In addition to the growth depression observed in the corn- 
fed young growing rat, the animals appeared unkempt, with a 
rough fur coat and with occasional alopecia. Also the reddish 
accumulation of porphyrin like material on the paws, nose 
and whiskers of deficient rats described by Chick, Macrae 
and Worden (’40) was observed in all but a small percentage 
of the above animals. 

To test the effect of corn supplemented rations on matured 
rats a group of adult males which weighed 250-285 gm. were 
given this ration for a period of 10 weeks. At the end of this 
time the animals weighed 330-407 gm. and showed no symp- 
toms of any kind comparable to those seen in the young 
growing rat. 

In an attempt to correlate an altered intestinal flora with 
differences in the amounts of nicotinic acid, “folic acid” and 
tryptophane found in the cecal contents of rats on the various 
diets, animals were sacrificed by decapitation, the cecal con- 
tents removed and autoclaved for 1 hour at 15-pounds pres- 
sure in 0.1 N KOH. The livers were removed at the same 
time, treated in a similar manner and analyzed for nicotinic 
acid. “Folio acid” was determined by the method of Teply 
and Elvehjem (’45), nicotinic acid by the method of Krehl, 
Strong and Elvehjem ( ’43) and tryptophane microbiologically 
by the omission of tryptophane and the inclusion of nicotinic 
acid in the medium of Krehl et al. (’43). The results of these 
analyses (table 4) clearly demonstrate that ai/preciable 
amounts of nicotinic acid are present in the cecal contents and 
that these amounts increase in those cases in which the carbo- 
hydrate used proved beneficial. The amounts of tryptophane 
and “folic acid” present in the cecal contents appear not to 
be markedly affected by the diet. It is rather difficult to deduce 
from this technique how much of the respective nutrient has 
been or is being made available to the host. The low nicotinic 
acid content of the livers of rats which received corn grits 
correlates well with retarded growth, and in every case in 
which nicotinic acid was added or good growth resulted from 
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feeding milk, the nicotinic acid content of the liver was ele- 
vated and was in the normal range. Whether the low values 
obtained are low enough to be a causative factor in the defici- 
ency symptoms remains to be proven. 

The influence of the type of carbohydrate and nicotinic 
acid on the dietary tryptophane requirement 

Since it is evident that corn owes its deleterious action at 
least in part to the fact that it is deficient in tryptophane an 
effort was made to discover whether this action could be 
demonstrated with non-corn containing rations that were low 
in tryptophane. With this in mind rations 10 through 14 
(table 1) were devised. Wheat gluten was the principle pro- 
tein employed since it is low in tryptophane and gelatin was 
added to help compensate for other amino acid deficiencies, 
especially lysine. It is apparent from table 3, group 35 that 
rats fail to grow on this ration with sucrose as the carbohy- 
drate unless nicotinic acid (group 36) or tryptophane (group 
37) is added. Thus we find that corn is not unique in producing 
severe growth failure, and that the corrective interplay be- 
tween nicotinic acid and tryptophane is not restricted to corn 
supplemented rations. Furthermore, we find a marked corre- 
lation in the protective action of dextrin and glucose in these 
rations, as in the corn rations, against the deleterious effect 
of a combined deficiency of tryptophane and nicotinic acid 
(table 3, groups 39 and 40). When corn starch we? used as 
the carbohydrate in the wheat-gluton-gelatin ration (table 3, 
group 41) good growth was not obtained until nicotinic acid 
was added (group 42). It appears therefore that the efficacy 
of carbohydrate in counteracting the tryptophane deficiency 
decreases in the following order : dextrin, glucose, com starch 
and sucrose. The addition of either nicotinic acid or trypto- 
phane to rations which contain dextrin or glucose did not 
improve growth significantly which is indicative of their role 
in promoting an intestinal flora which adequately supplements 
a sub-optimum amount of dietary tryptophane. In this same 
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way, ration 15, (table 1) which contains 85% refined wheat 
flour resulted in good growth (table 3, group 43) despite its 
deficiency in tryptophane. The fair amount of nicotinic acid 
in this case is probably helpful which seems to be substanti- 
ated by the fact that additional nicotinic acid resulted in im- 
proved growth (group 44). 

To further test the capacity of carbohydrate to modify the 
dietary tryptophane requirement, rations 16, 17 and 18 were 
prepared. Although the deficiency of tryptophane is para- 
mount in these rations, other amino acids, particularly lysine, 
are also deficient. Despite this fact relatively good growth 
was obtained when dextrin or corn starch was employed as the 
carbohydrate (table 3, groups 45 and 46). Moreover, the 
additioii of nicotinic acid or tryptophane did not benefit 
growth significantly. However, when sucrose was used as the 
carbohydrate, growth was poor and in this case the addition 
of nicotinic acid gave only partial improvement while trypto- 
phane supported still better growth (table 3, groups 47, 48 
and 49). This may be due to the fact that under these condi- 
tions sucrose is digested and absorbed so rapidly (Babino- 
witch, ’45) that it does not get into that part of the intestinal 
tract in which synthesis is most active. 

Inasmuch as Albanese, Holt, Kajdi and Frankstone (’43) 
have shown that tryptophane plays an important role in 
maintaining an adequate level of total plasma protein and 
hemoglobin, analyses were made for these constituents. In 
addition, free plasma protein was determined. These results 
are compiled, in table 5 and it is apparent that any direct 
correlation between growth failure and reduced plasma pro- 
tein is made difficult due to the small differences obtained. 
Small differences are also evident in the hemoglobin values, 
while a consistent difference in the free plasma tryptophane 
is apparent between the animals which received corn and 
com plus nicotinic acid, although both levels are in the normal 
range. At present it is impossible to explain the rather low 
plasma tryptophane values obtained on the wheat gluten 
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rations 11 and 13 which contained dextrin and corn starch, 
respectively. 


DISCUSSION 

While no complete explanation of the syndrome caused by 
feeding corn can be offered until the mechanism of the ap- 
parent interplay between nicotinic acid and tryptophane is 
elucidated, one can turn to the theory of an altered intestinal 
flora to explain most of the experimental observations. The 
effect of different carbohydrates on the growth depression 
might be explained on the grounds that they contribute to the 
establishment of an intestinal flora which is capable of syn- 
thesizii^ adequate amounts of the deficient factor. Of course, 
this does not explain why on nicotinic acid low synthetic 
rations, there is beneficial synthesis and normal growth, while 
changes in the intestinal flora and poor growth result from 
feeding corn. Again one might postulate a substance or sub- 
stances in corn which combines with nicotinic acid or in some 
way makes it unavailable. Then too, Koser and Baird ( ’44) 
have demonstrated that a number of bacteria destroy nico- 
tinic acid, and corn may well promote the development of 
such microorganisms. The fact that glucose which normally 
has a protective action against corn, gives much poorer pro- 
tection when the vitamin level is lowered, again indicates an 
alteration of intestinal flora. This finding correlates witli 
similar observations by Boutwell et al. (’45). Since small 
amounts of milk prove beneficial in counteracting the action of 
corn, one can reasonably assume a corrective action through 
re-establishment of a more favorable intestinal flora. The 
fact that the cecal contents are bulky, loose and quite liquid 
when milk is fed is probably due to the lactose. 

Among the cereals tested corn seems to be quite specific in 
retarding growth of rats although rice, oats and rye which 
allow excellent growth are relatively poorer in nicotinic acid. 
The factor of a more adequate tryptophane supply probably 
accounts for this. It is also of interest to note that rats on the 
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rice-supplemented ration which contains only about 12% 
protein, grew 5 gm. per week more than did the animals on the 
soybean supplemented ration which contained 29% protein. 

Although corn, like other cereals, contains starch, and 
although starch is a carbohydrate which seems to promote an 
intestinal flora favorable to the host, the supplementation 
of corn results in poor growth. The factors of low trypto- 
phane and nicotinic acid concomitant with an unfavorable 
protein-carbohydrate relationship both as regards quality 
and quantity may be the cause of poor growth. 

Despite the fact that both tryptophane and nicotinic acid 
are completely and separately active, the mechanism of this 
interplay is not understood. Upon analysis of the results in 
table 3 it is apparent than when corn is employed in the ration 
the dietary tryptophane is reduced to a level which does not 
provide growth. This situation can be corrected, however, by 
any of several means, namely by increasing the level of trypto- 
phane to approximately 150 mg.% or the nicotinic acid to 
about 1.25 mg.%, or by using a type of carbohydrate (dextrin 
or glucose for example) which is known to promote intestinal 
synthesis. That these factors are clearly related and not a 
phenomenon peculiar to corn supplemented rations alone is 
evident from the fact that the same relationships hold true 
for the non-corn containing sucrose-wheat gluten-gelatin 
ration. A concomitant lysine or other amino acid deficiency 
in this ration may be responsible for poor growth, although 
experiments are in progress which indicate that the action of 
gelatin in these rations may be influential in creating an in- 
creased dietary requirement for tryptophane. Since relatively 
good growth is obtained on a ration which contains only 9% 
casein when dextrin or cornstarch is employed as the carbo- 
hydrate one must consider an alteration of the dietary re- 
quirement of amino acids, other than tryptophane, which are 
low in this ration. It appears further that the amino acid 
requirements as elaborated by Rose ( ’37) are subject to modi- 
fication dependant on factors such as those described above. 
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For example the dietary tiyptophane requirement of the 
growing rat seems to approximate 150 mg.% whereas Bose 
sets 200 mg.% as the minimum value. In this particular we 
are aware however, that although the tryptophane values 
used in the calculations are taken from the best accepted 
literature values, some of them may be in error. 

Although the tryptophane deficiency encountered in the 
present study is sufficient to impair growth, the severe symp- 
toms reported by Albanese (’45) such as corneal vasculariza- 
tion and cataract were not seen. 

The observations made here indicate that a diet cannot be 
correctly and completely evaluated on the basis of its known 
chemical entities alone. Quantitative as well as qualitative 
relationships can be obscured by alteration of experimental 
conditions and interplay of nutrients. It is further evident 
that there is an increasing need for more information concern- 
ing the relationships between animal and bacterial nutrition. 

SUMMABY 

The addition of corn or corn grits to a nicotinic acid-low 
synthetic ration results in a profound growth retardation 
which can be completely counteracted by the inclusion of from 
1-1.5 mg. of nicotinic acid or 50 mg. of tryptophane per 100 
gm. of ration. Other cereals containing less nicotinic acid 
produce no such effect. 

The kind of carbohydrate and the level of tryptophane in- 
fluence the extent of the undesirable effect of corn. Glucose, 
dextrin and lactose were beneficial in their action. Small 
amounts of milk were also helpful in counteracting the growth 
depression but further benefits resulted from the addition of 
nicotinic acid. A low level of vitamins accentuated the dele- 
terious action of com. 

Nicotinamide and ethyl nicotinate were as active as nicotinic 
acid on an equal molar basis while nicotinamidemethochloride, 
trigonelline, and N-phenylnicotinamide were inactive. 
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Non-corn rations low in tryptophane and nicotinic acid also 
gave poor growth when sucrose was used as the carbohydrate. 
The addition of tryptophane or nicotinic acid or the use of a 
carbohydrate which produced a favorable intestinal flora 
gave growth results comparable to those obtained with corn 
supplemented rations. 

The factors affecting the dietary tryptophane requirement 
and the importance of a desirable intestinal flora in this re- 
lationship are discussed. 
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TWO mUEES 
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Hughes (’41); Miller et al. (’43); Ensminger et al. (’43); 
and Ellis and Madsen ( ’44) have reported that the thiamine 
content of pork tissue is related to the amount of thiamine 
ingested by the pig. This means that pork may be enriched 
with extra thiamine by the use of feeds high in vitamin Bi. 
A program advocating the enrichment of pork by feeding 
swine rations high in this vitamin would increase the supply 
of thiamine in the American dietary. 

Pork is one of the richest, naturally occurring sources of 
thiamine. It is eight times, and frequently higher in thiamine 
than beef according to values reported by Kemmerer and 
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Steenbock ( ’33) ; Waisman and Elvehjem ( ’41) ; and Richard- 
son et al. (’44). According to values published by Waisman 
and Elvehjem ( ’41), pork is three to four times higher in thia- 
mine than lamb. Therefore, if meat is to be enriched in thia- 
mine, it follows that pork should logically be used since the 
pig is much more efficient than other meat animals in deposit- 
ing the thiamine of the feed in its tissues. 

The present investigation was undertaken in an effort to 
obtain additional information on the relationship of thiamine 
in the ration of the hog to the amount contained in the tissue. 
In addition, information was obtained on (1) the distribution 
of thiamine and riboflavin in various pork tissues, including 
the harp, loin, shoulder, liver, heart, and kidneys, (2) the effi- 
ciency of vitamin Bj utilization, (3) the difference in the 
intestinal flora of pigs fed natural grain rations as compared 
to purified rations, (4) the changes in thiamine content of pigs 
of different ages by slaughtering animals at birth, at weaning, 
and at the end of the experimental feeding period, and (5) 
the changes in thiamine content of the hams of pigs obtained 
by performing biopsies on the biceps femoris at 3-week inter- 
vals during the growth period. 

EXPERIMENTAL 

Results obtained from preliminary feeding trials conducted 
in 1942 and 1943 were used as a basis for conducting these 
trials in the summer of 1944. The work reported herein con- 
firms the results obtained in 1942 and 1943. In the 1944 trials, 
twenty pigs were divided into the five lots shown in table 1. 
The pigs were distributed equally in the several lots with 
respect to sex, weight, and age. The rations fed are shown in 
table 1. 

A modification of the “paired-feeding technique’’ (Mitchell 
and Beadles, ’30), was used in order to keep the feed intake 
constant among animals within the purified ration group (lots 
I, II, and ni) and within the natural grain ration group (lots 
IV and V). Thus, in the purified ration lots, the feed consump- 
tion of the other nine pigs was limited to the amount consumed 



TABLE 1 

Bations fed to the five lots of pigs on the feeding trials. 
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by the pig with the smallest appetite — with the quantity 
of thiamine being the only variable among the lots of pigs. 
The level of thiamine was controlled by adding definite 
amounts of the crystalline vitamin to the ration fed the pigs 
in lots n and III in the purified ration group. Likewise, the 
eight pigs fed the natural grain rations were considered as a 
group, with the feed intake of the other seven pigs limited by 
the pig consuming the least amount of feed. In these lots, the 
amount of thiamine was controlled by feeding natural grain 
rations composed of feeds containing different amounts of 
thiamine. All pigs were fed individually and promptly at 
three definite feeding periods daily — 6 a.m,, 1 p.m,, and 8 p.m. 

The 'pigs were kept on raised floors in order to prevent 
coprophagy and were allowed outside as well as inside runs. 
The raised floors were removed and thoroughly washed three 
times daily as a further precaution to prevent the animals 
from consuming their feces. 

In order to prevent the development of rancidity, the puri- 
fied ration was kept in a refrigerator and not more than 2 days’ 
feed requirements were mixed at one time. Refused feed was 
discarded after weighing and the individual troughs were 
cleaned and washed following each feeding. 

The six B-complex vitamins fed (thiamine, riboflavin, niacin, 
pyridoxine, calcium pantothenate, and choline) were dissolved 
in 20% ethanol solutions and stored in a refrigerator. Vita- 
mins A and D were kept separately, whereas E and K were 
mixed together. Two days’ requirements of the B-complex 
vitamins and 3 days’ requirements of the fat-soluble vitamins 
were fed every second and third day, respectively. The 
amounts were measured in calibrated pipettes and placed 
on a small amount of the feed on the top of the ration at feed- 
ing time. In this manner, struggling with the animals was 
avoided and complete consumption of the vitamins was ob- 
tained. 

All the pigs were slaughtered when those on the thiamine 
deficient ration ceased to make any further nutritional prog- 
ress. This point was reached when the pigs receiving no sup- 
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plement of thiamine lost their appetites and began to lose 
weight. 

In order to provide a record of the thiamine content of the 
body tissues at various stages of development, two pigs of 
similar breeding to those fed on experiment were slaughtered 
at birth and two at weaning. In addition, one extra pig was 
fed in each of lots IV and V for the purpose of removing 
muscle sections from the biceps femoris at 3-week intervals 
during the experimental period. These samples were analyzed 
for thiamine content and used as a basis for comparison with 
samples from the pigs fed throughout the experimental period. 

The comparative slaughter technique was employed in order 
to determine changes in thiamine content of several tissues 
from birth to weaning and from weaning to the end of the 
56-day feeding period. 

Following slaughter of the experimental animals, the car- 
casses were chilled for 24 hours at 33°F. Samples were taken 
within 24 to 48 hours following slaughter and were frozen 
immediately. They were stored at 0°F. for 30 days, during 
which time all the analyses were made. Ham, loin, shoulder, 
and kidney samples were taken from the right side of each 
carcass. After all extraneous fat was removed from these 
samples they were finely ground. The gruund meat from each 
cut was thoroughly mixed before a sample was taken for as- 
say. The left half of each carcass was skinned, boned, and 
ground together with the fat from that side, in order to 
secure a composite “sausage” sample. 

Thiamine and riboflavin were determined by the thiochrome 
method, using the procedure developed by Conner and Straub 
(’41) for the combined determination of thiamine and ribo- 
flavin. The only modification of this method was in the manner 
of preparing the sample. This involved weighing an amount 
of the previously ground fresh or frozen sample and mixing 
in a Waring Blender with the desired volume of extractant. 
Aliquots were obtained and transferred to volumetric flasks. 

Samples for the determination of fat and moisture were 
removed from the bottles of frozen meat and weighed at the 
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same time as those taken for the vitamin analyses. The 
method described by Pitman (’32) was used to determine 
moisture and fat in the “sausage” samples, whereas slight 
modifications were made of the A.O.A.C. ( ’40) method for the 
determination of fat and moisture in the other samples. The 
drying time for the moisture determination was extended an 
additional 3 hours on all samples. The extraction of fat from 
the liver samples was extended to 48 hours. 

EXPERIMENTAL RESULTS AND DISCTUSSION 

A record of the feed consumption and body weight gains 
is given in table 2. Some differences were observed among 
lots of pigs in average daily gains made over the 8-week feed- 


TABLE 2 

Record of feed consumed and gains in weight by the pigs on the feeding trials. 


GllOVV 


A 


B 


Lot 

I 

II 

III 

IV 

V 



PURIFIED 


NATURAL 

DRAIN 

Ration 

No 

thiamine 

0.19 mg 
thiamine 
daily 
per kg. 

live 

weight 

0.42 mg 
thiamine 
daily 
per kg. 

live 

weight 

0.11 mg 
thiamine 
daily per 
kg. live 
weight 
(contained 
in feed) 

0.21 mg. 
thiamine 
daily per 
kg. live 
weight 
( contained 
in feed) 

Number of pigs 

2 

4 

4 

4 

4 

Length of feeding period 
(days) 

56 

56 

56 

56 

56 

Average initial weight 
(pounds) 

41.5 

41.8 

41.7 

45.2 

43.5 

Average final weight 
(pounds) 

70.5 

80.2 

80.5 

78.8 

84.0 

Average total gain 
(pounds) 

29.0 

38.4 

38.8 

34.6 

40.5 

Average daily gain 
(pounds) 

0.62 

0.68 

0.69 

0.62 

0.72 

Average daily ration 
(pounds) 

1.77 

1.77 

1.77 

2.16 

2.16 

Feed per cwt. gain 
(pounds) 

341 

258 

255 

349 

298 
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ing period. The pigs fed the thiamine deficient ration gained 
at a slower rate than the pigs fed 0.19 mg. thiamine daily per 
kilogram body weight. Increasing the thiamine intake from 
0.19 to 0.42 mg. daily per kilogram body weight had no signi- 
ficant effect on the average daily gains or efficiency of feed 
utilization. Similar differences in body weight gains were 
noted between lots IV and V. Since the ration fed in lot V 
included an additional ingredient (wheat germ meal) as 
compared with the ration fed in lot IV, the increased gains 
cannot be attributed alone to the additional thiamine in the 
ration because the wheat germ meal may have contributed 
other factors which may have influenced body gains and effi- 
ciency of feed utilization. 

Of much importance is the finding that the pigs on the thia- 
mine deficient ration required 83 to 86 lbs. more feed, respec- 
tively, per 100 lbs. gain than the pigs in lots II and III which 
were fed the same ration plus different levels of thiamine. 
Since the pigs on the thiamine deficient ration ate the same 
amount of feed as the pigs in lots II and III, and still required 
much more feed per 100 lbs. gain, this definitely shows that 
thiamine is concerned with the efficiency of feed utilization. 
This is very logical since thiamine is involved in carbohydrate 
metabolism. Further evidence to demonstrate the increased 
efficiency of feed utilization by the pigs fed either the purified 
ration plus thiamine or the natural grain ration is shown by 
the percentages of body fat in the animals of each lot. The 
carcasses of the pigs receiving the purified ration without 
thiamine contained only 21% fat. The carcasses of those re- 
ceiving either the purified ration plus thiamine or the natural 
grain ration all contained between 25 and 27 % fat. 

Essentially the same type of symptoms as those recorded 
by Van Etten et al. ( ’40) and Ellis and Madsen ( ’44) resulted 
from the feeding of the thiamine deficient ration. Vomiting 
was the first symptom observed in these pigs fed a thiamine 
deficient ration. It was first observed and occurred frequently 
after the animals had been on the thiamine deficient ration 
for 33 days. Appetite started to decrease during the latter 



A^wage ihiomine content of tissues^ (fresh, and dry, fat-free bases) from pigs fed different levels of thiamine. 
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half of the expc'riineiital fec'diiij? period, and was followed 
elostdy by a eori'espoiidinf? retardation of growth. Kllis and 
Madsen (’44) observed that failing appetite usually was the 
first sign of thiamine de])rivation. In the 194.‘1 and 1944 work 
at this station, vomiting oeeurrcal ajid was followed in a day 
or two by a decreased ai)petite. A slight staggering gait was 
noted in the thiamine deficient pigs during the final 5 days 
of these trials. On tlie fifty-third day one of these ))igs showed 
signs of muscular incoordination when it trembled and fell 


" HVITAMIN B*IN sausa ge' 

■vitamin b' in feed 

If — 



<11/ 'St.h hi! Mti ?74 1460 4.74 7.H4 455 »0» 151 3»*> t>6/ 605 F.f./' 


LOT- 1 • n • m - IE ■ 3: 

1 Till' icliitiDiislii}) of tliiajuiiu* ami rihotlavin coiiti'iit of swim' rations to 
till' amount of tlioso Nitainii.s ilopositt'd in tin* jioik tissiu's. 

whilp c*alini>‘. Aft(*r sovcM*al uiisiievpssi'ul atlemiits to regain a 
stainUng’ ])()silion, the ])ig* was tinally able to stand without 
fnrtlu‘ 1 * indications of muscular incoordination. 

Data showing the average tliianiine content of the pork are 
jin^sented in table 3 and figure 1. The values in table 3 show that 
the ham and loin have a consistently higher levT^l of thiamine 
than th(‘ other tissues. Generally, the order of the tissues in 
thiamine content from highest to lowest is as follows: loin and 
ham, shoulder, lieart, liver, and kidney. The thiamine content 
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of tlie composite carcass samjjle (“sausage”) made from the 
left half of each carcass is hiternuidiate between the level of 
thiamine in the heart and liver. The thiamine content of the 
“sausage” is a good indication of the relative level of this 
vitamin in the ration (fig. 1). 

The thiamine values sliown in table .‘1 indicate that generally 
the pigs fed natural grain rations were much more efficient in 
depositing the thiamine in the ration in their tissues. For 
examjile, ham samples from jiigs in lots 111 and IV, show that 
the ])igs in lot IV fed the natural grain ration received about 
one-fourth as much vitamin B, as those fed the imrified ra- 
tion in lot 111. Yet, the ]iigs in lot IV had about as much 
thiamine deposited in their hams as those pigs fed approxi- 
mately four times as much thiamine in lot TIT (purified ration). 
This diiference in favor of natural grain rations, might jios- 
sibly be due to tlie fact that thiamine in natural grains is re- 
leased more slowly and is tlierefore more efficiently utilized. 
The manner in Avhich the synthetic thiamine was fed and the 
ease of excretion of the excess vitamin may have contributed 
to less efficiency of utilization. 

Our findings Avith resjiect to the higlu'r thiamine content of 
pork skeletal muscle as comiiared to liver coincide Avith those 
of Miller et al. ( ’43). The liver is api)arently the least respon- 
sive to the effect of added thiamine in the ration. The kidney 
and heart are more responsive than the liver to added dietary 
thiamine, but not nearly as much as the skeletal muscles. 

>Statistically, the difference between ration groups sIioaaui 
in table 3 was highly significant on both the fresh and dry, 
fat-free bases. Tlowever, the greater portion of the difference 
was due to the Ioav Amines obtained for the pigs in lot T, wdiich 
were fed the thiamine deficient ration. On the other hand, 
the variation among pigs Avuthin lots wms large, indicating that 
great variability exists among pigs given the same treatment. 
As Miller et al. (’43) have indicated, this is further evidence 
to explain some of the wide variations in thiamine values for 
pork which have been reported from time to time. 
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Using the comparative-slaughter technique, it was shown 
that the thiamine content of pork, on a fresh basis, increased 
from birth to weaning and decreased gradually from weaning 
to the end of the 56-day feeding period. Data showing these 
values are presented in table 4. No explanation is known 
for the marked increase in thiamine from birth to weaning. 
A possible explanation might be that the pig is receiving a 
high fat diet (on a drj’^-matter basis) while suckling its mother, 
and as a result needs less thiamine and hence deposits more in 
the tissue. Ellis and Madsen ( ’44) have shown that fat lessens 
the pig’s need for thiamine. 


TABLE 4 

Changes in tJiiamine content (fresh basis) from birth to weaning^ and weaning 
to the end of the 56-day feeding period in six porJc cuts. 





TISSUE SAMPLE 




Ham 

Loin 

Shoulder 

Kidney 

Heart 

Liver 

Birth (2 pigs) 

5.65 

8.30 

9.42 

5.52 

8.84 

5.98 

Weaning (2 pigs) 

20.17 

18.62 

16.02 

9.52 

14.82 

17.02 

After 56-day feed- 
ing period (ave. 
experimental 
pigs) 

8.58 

8.87 

6.20 

3.61 

4.36 

3.65 


* Micrograms per gram. 


Observations in this study indicate that true storage of 
thiamine does occur in the pig and that the pig uses stored 
thiamine. At the beginning of the experimental feeding period, 
the analyses of two animals representative of those used 
in the experiment, showed that each pig contained approxi- 
mately 200 mg. of thiamine in its entire carcass (exclusive 
of the usual oifal) at the start of the experiment. At the 
end of the 56-day feeding period, those animals fed the thia- 
mine deficient ration still contained slightly over 77 mg. of 
thiamine in their entire carcass (exclusive of offal). Since the 
purified ration supplied approximately 0.16 mg. of thiamine 
daily to each of these animals, it is reasonable to assume 
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that these animals were using stored thiamine at the rate of 
2.21 mg. per animal daily, or 0.09 mg. daily per kilogram of 
body weight. Certainly there was no dietary supply of thia- 
mine which could have supplied these animals with the 77 mg. 
of thiamine which remained in their bodies at the end of the 
56-day depletion period. Another reason for stating that 
storage of thiamine occurs and that the pig can utilize this 
stored thiamine for long periods of time, is the fact that it 
took 33 days before the appetites of these animals were af- 
fected and 56 days before their appetites were lost completely. 

TABLE 5 

Changes in thiamine eonient of ham (biceps femoris muscle) during the sucMing 
and early feeding period of pigs. 


THIAMINK CONTKNT OF 
HAM (FRESH BASIS)' 


At birth (2 pigs) 5.65 

At weaning (2 pigs) 20.17 

At start of feeding period (2 pigs on grain ration)* 9.97 

After 23 days of feeding (2 pigs on grain ration)* 7.48 

After 44 days of feeding (2 pigs on grain ration)* 6.50 


* Micrograms per gram. 

* Determined on same two pigs by performing biopsies. 


Muscle sections of the hams of live pigs taken * at 3-week 
intervals and analyzed for thiamine show that the thiamine 
content of the ham (biceps femoris) increased from birth to 
weaning and gradually decreased aflei' weaning to the forty- 
fourth day of the experiment period, at which time the last ham 
sample was taken. Changes in water and fat content of the 
tissues from birth to weaning and later stages may account 
for a part of the change in thiamine content during this period. 
However, it is believed that the greater -portion of the change 
in thiamine content of the ham muscle may -be attributed to 
other causes. These data, presented in tables 4 and 5, were 
obtained from assays made of ham tissues from two new-born 

* Obtained by Dr. P. J. Pfarr, Assistant Professor of Veterinary Anatomy, 
and Dr. E. C. McCulloch, Research Veterinarian. 
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pigs, two pigs at weaning time, and the two extra pigs on the 
feeding experiments from which live ham muscle (biceps 
femoris) samples were taken at 3- week intervals. Samples 
were taken alternately from the left and right leg so that there 
was a 6-week interval before a second biopsy was performed 
on the same leg. These biopsies were performed three times 
with no apparent harmful effect or interference with the loco- 
motion of the two pigs. 

Average riboflavin values for the tissues from the pigs 
slaughtered at the termination of the experiment are shown 
in table 6. All lots of pigs fed the purified ration received the 
same level of riboflavin whereas the two lots of pigs fed the 
natural grain rations received slightly differing amounts of 
riboflavin. However, no significant difference was noticed in 
riboflavin deposition among lots of pigs, indicating that the 
dietary level of riboflavin has much less effect on skeletal 
muscle tissue content of this vitamin than is true in the case 
of thiamine. Also, pork skeletal muscle evidently contains 
much less riboflavin than thiamine. However, pork heart, 
liver, and kidney contain more riboflavin than the skeletal 
muscles and more riboflavin than thiamine. 

The riboflavin values shown in table 6 indicate that pigs 
fed natural grain rations were more efficient in depositing 
the riboflavin in the ration in their tissues. For example, 
the composite carcass samples from pigs in lots III and IV, 
show that the pigs in lot IV, fed the natural grain ration, 
received i as much riboflavin as those fed the purified ration in 
lot HI. Yet, the pigs in lot IV had even higher levels of ribo- 
flavin deposited in the sausage than those pigs fed the purified 
ration with higher levels of riboflavin. 

Kesults of this work indicate that a thiamine defici(>nt ration 
fed to pigs has some effect on increased riboflavin deposilion 
in the heart and liver. Data in table 6 show that the hearts 
and livers of the pigs fed the thiamine deficient ration con- 
tained slightly more riboflavin than the hearts and livers of 
pigs fed adequate levels of thiamine. This finding is in agree- 
ment with those of Singher et al. ( ’44) and Luecke et al. ( ’44), 
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who ro})Oi*tc(l tJjut a tliianiine deficiency i*esults in an increased 
riboflavin concentration in tlie liver of rats. A i)ossible ex- 
planation for the increased riboflavin concentration in the liver 
and heart of the pig may be that with a thiamine deficiency 
there is a slowing* of body metabolism and as a result less 
riboflavin is needed. Hence, the riboflavin accumulates in tin* 
liver and h(‘art which are the main storage organs for this 
vitamin. 

()bse*rvations werci made of the rate of heartbeat, rate of 
n^spiralion, and rc^dal temperature throughout the experi- 
ment. A slowing of the heai'tbeat and res])iralory rale in 
llu^ lhlamine-d(^ficient animals was noted during the last week 
])r(K*eding the (md of the exi)eriment. Rectal temperatures of 
lh(*se animals droi)ped during the last 4 days to slightly below 
99'’F. iri)on slaughtei’ing, enlarged hearts were found in th(» 
animals fed the ])urified, thiamine* deficient ration. The* hearts 
of the two thiamine* eleficient pigs were 54 and 91% heavier 
than the average e)f the hearts e>f the other pigs on this experi- 
ment. Pictures e)f representative he*arts of a thiamine elefi- 
cient pig as cemipareel te) the lu*art e)f one e)f tlie ])igs which 
j'eceived an adeepiate le*vel e)f thiamine are* shown in figure 2. 

4^he bactericidal aclie)n e)f the ble)e>el sei'a of the ])igs against 
Escherichia coli, Salmonella tyifliimurium, Eberthella typhosa, 
anel Staphylococcus aureus did not appeal* tei be influenceel 
by type of die*t eir thiamine level. Ooliform counts eif the feces, 
on a we»t basis, of the pigs receiving ])urified ratieins, eithe*r 
without thiamine or at different levels of thiamine, we*re ap- 
])roximalely 1000 times higher than tin* coliform counts, very 
largely Escherichia coli, of the feces of pigs receiving natural 
gi*ain rations. This suggests a possible difference* in intestinal 
vitamin synthesis between pigs fed a purified as compar(*d 
to a natural grain ration, since Gant et al. (’4*1) obtained 
indications that Escherichia coli is the organism mainly re- 
sponsible for the synthesis of biotin and folic acid or related 
factors. Work by other investigators substantiates this ])os- 
sibility. Ounha et al. (’43) demonstrated that rats on a basal 
ration composed largely of corn (natural grain ration) re- 
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ceived an insufficient supply of the norite eluate fraction (a 
source of folic acid, vitamins B,„ and Bn). Such a deficiency 
can ordinarily lie jii'oduced with rats receiving' a purified 
ration only when a sulfa drug is added, as was demonstrated 
by Black et al. (’41). This indicates that corn, or other con- 
stituents of a natural grain ration, in some manner, deci'eases 
intestinal synthesis of certain vitamins. Tiiis has recently 

iMml BMTt trm 89 11>« JOnoanMl hMrtt ttm 69 pig 

pig f«8 MtuMi nUm Mtion 



B«urt wt. • 9«0 o«« 


H*«rt wt. - 7.0 os. 


Fig. 2 Tlie lictut ;jt left is from a j»ig fed the ]mnfied rntioii uith Bdctjii.Mtt* 
tiiianiiric. Tlie lioarf at the right is that of a pig fed tho saiiio ration withont 
thiamine. Live vveiglits of the two pigs were 89 and 0.^) lbs., r(*H]>eetively. 

been confirmed with the chick and I'at. Briggs et al. (’45) 
showed that when corn meal was substituted for part of the 
dextrin in a purified ration, growth, moi-tality, and hemoglobin 
formation of chicks on the basal ration was ])oorer. Krehl 
et al. ( ’45) showed that a growth I'ctardation was caused in 
rats when 40 % of corn grits was included in a low protein 
ration. All of this work strongly indicates that thei e may 
be a difference in intestinal vitamin synthesis by animals fed 
natural grain rations as compared to purified rations. 
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SUMMARY AND CONCLUSIONS 

The poorest gains were made by pigs on the thiamine defi- 
cient ration. Likewise, the pigs on the thiamine deficient ration 
required much more feed per pound of gain, definitely show- 
ing that thiamine is concerned with the efficiency of feed utili- 
zation by the pig. 

Efficiency of utilization of the thiamine and riboflavin in the 
ration was much greater for pigs fed the natural grain rations 
than for those fed the purified rations. 

A positive relationship exists between thiamine intake and 
the deposition of this vitamin in the tissues of hogs. This 
makes it possible to increase the content of thiamine in pork 
by using feeds high in this vitamin. Usually the loin and ham 
are highest in thiamine content, followed by the other cuts in 
the following order : shoulder, heart, liver, and kidney. 

Pork liver is higher in riboflavin content than the other pork 
cuts, followed by the kidney, heart, ham, shoulder, and loin. 
A thiamine deficiency had no lowering effect on the deposition 
of riboflavin in the skeletal muscle tissues. There was a slight 
increased concentration of riboflavin in the liver and heart of 
the pigs on a thiamine deficient ration as compared to the pigs 
on a ration containing adequate thiamine. 

Symptoms observed on the thiamine deficient pigs were 
vomiting, anorexia, slight staggering, cyanosis, and a re- 
duction in rectal temperature, heart beat and respiration dur- 
ing the final stages of the experiment. Enlarged hearts were 
obtained from the pigs on the thiamine deficient ration. 

Coliform counts of the feces of pigs fed the purified ration, 
with or without thiamine, were approximately 1000 times 
higher than for pigs fed natural grain rations. This may sug- 
gest a possible difference in intestinal vitamin synthesis be- 
tween pigs fed natural grain rations as compared to purified 
rations. Further evidence for this possibility is presented and 
discussed. 

Data were obtained to show that storage of thiamine oc- 
curs and that the pig can utilize stored thiamine over a long 
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period of time. Evidence for this is that 56 days were re- 
quired for the pigs to lose their appetites after being placed 
on a thiamine deficient ration. 
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INTEODUCTION 

In 1939 this laboratory published a report dealing with the 
calcium requirements of five girls, from 3 to 5 years old (Out- 
house, Kinsman, Sheldon, Twomey, Smith and Mitchell, ’39). 
At that time the authors stated that these well-nourished 
children needed less than 1 quart of milk daily for the satis- 
faction of their calcium needs. The present paper, dealing 
with a similar investigation of preschool boys, presents a sim- 
ilar conclusion ; only one of the seven subjects needed as much 
as 1 pint of milk daily and he could have satisfied his indivi- 
dual requirement for calcium by ingesting, in addition to an 
otherwise satisfactory diet, 720 gm. of milk daily. 

EXPERIMENTAL 

The children used in this study were seven normal, healthy 
boys ranging in age from 2.7 to 5.8 years at the beginning 
of the experiment. A description of their height-weight-age 

* A preliminary report of these data was made before the Amercain Home 
Economies Association at its annual meeting in Pittsburgh, June, 1939. 

* Aided by a grant from the American Dry Milk Institute, Inc., Chicago. 
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relationships in comparison with the standards of Grandprey 
('33) has been presented in a former publication (Kinsman, 
Sheldon, Jensen, Bernds, Outhouse and Mitchell, ’39). Four of 
the subjects (R, C, Br and Jw) were presumably well nour- 
ished in respect to calcium since they had been accustomed 
not only to drinking liberal quantities of milk at each meal 
but also to having for one meal each day either bread and milk 
or a cream soup. The dietary history of the other three boys 
was unknown. Subject D was brought from another children’s 
home expressly for the experiment and W and G, brothers, 
because of unsatisfactory home care were admitted to the 
Cunningham Children’s Home on the day on which the ex- 
periment started. 

A description of the experimental conditions under which 
the subjects were held, as well as the analytical methods used, 
may be found in the publication of Kinsman et al. ( ’39) and 
of Outhouse et al. (’39). Only the important features of the 
regimen need be repeated here: (a) a daily allowance of ap- 
proximately 1000 international units of vitamin D was fed as 
cod-liver oil; (b) the low-calcium content (i.e., 339 mg. daily) 
of the basal dietary was purposely achieved by limiting the 
amounts of vegetables to only one or two servings daily and 
the quantity of milk solids to the equivalent of approximately 
200 gm. of fluid milk daily; (c) the basal dietary which was fed 
throughout the study was supplemented during periods I, III, 
IV and V by non-fat dry milk solids * which brought the aver- 
age intakes of calcium to 1600, 555, 704, and 904 mg., respec- 
tively, during these periods; (d) the metabolic periods were 
7 days in length and period I to V, respectively, lasted 91,^ 
49, 35, 28 and 63 days. 

The method for computing the calcium requirement makes 
use not only of data for calcium retentions during periods I 

* The calcium content of the non-fat dry milk solids ranged from 12.3 to 13.5 
mg. per gram. (In two former publications, an error in the decimal place was 
made in reporting the calcium content of the milk solids.) 

* Subject D was kept at this high level for 126 days. 
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to V ® but also of the previously reported data (Kinsman et al., 
’39) concerning the extent to which each subject utilized the 
calcium of milk. The retentions of calcium during the period 
of generous calcium intake, i.e., period I, were compared with 
the balances during periods II, III, IV and V to determine 
if like retentions had been observed at lower levels of intake. 
In those instances in which it was reasonable to suspect that 
equally high retentions of calcium might have been observed at 
a significantly lower level of intake, the calcium requirement 
was obtained by use of the following formula : 

Maximum calcium retention in mg. 

X 100 = Calcium requirement in mg. 

Per cent utilization of milk calcium 

RESULTS 

The skeletal growth of the subjects is shown in figure 1 in 
comparison with the growth of boys from families above the 
average in economic and educational status (Simmons, ’44). 
Five of the boys had horizontal lengths shorter than the mean 
for Simmons’ group. However, in relation to the mean rate 
of growth of the latter, the rates of growth of the 7 subjects 
during the total experimental period, from 7 to 18 months 
for the various subjects, were as follows: that of subject D 
was considerably faster whereas those of R, W, G and Jw 
were parallel, and those of C and Br were probably somewhat 
slower. For the period under discussion in this paper; i.e., 
from the fifth ® to the thirteenth week, the growth in length of 
the body was satisfactory for all subjects with the exception 

•Detailed data concerning the weekly intake and the urinary and fecal excre- 
tions of calcium for these seven boys and for the five girls previously studied will 
appear in a forthcoming publication by I. G. Macy entitled ‘ ‘ Nutrition and Chem- 
ical Growth in Childhood, ’ ’ vol. II. Original Data. Charles Thomas Press, Spring- 
field, 111. 

• The first measurements on all subjects except D were taken on the thirty-fourth 
day of the experiment; hence that portion of the curves referring to period I is 
represented by the first 45 days. D's measurements were taken at the beginning 
of the study. 
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of W whose increment during this short period only appeared 
to be smaller than the mean for children of his age.^ 

The calcium retentions of the subjects during the period 
when they were receiving 1600 mg. of calcium daily are re- 
corded in figure 2 in terms of the cumulated retentions. In the 
lower set of curves data are given for the entire period. Con- 
siderable variability in the week-to-week balances of a given 



Fig. 1 The growth in horizontal length of the seven boys, E, W, C, D, G, 
Jw and Br, is shown here in comparison with the mean and the upper and lower 
limits of range of similar measurements for a group of boys from families above 
the average in economic and educational status (Simmons, ’44). The first measure* 
ments were taken on the thirty-fourth day of the experiment for all subjects 
except D, whose measurements were taken at the beginning of the study. 


subject is evident. From a cursory inspection of the curves 
one might conclude that the subjects differed markedly in the 
rate at which they stored calcium. Actually, however, four 
of the subjects, i.e., W, G, C and Jw, accumulated approxi- 
mately the same quantity of calcium during the 12- to 13-week 
period. Moreover, during certain consecutive' weeks the other 

*The increment in acromial breadth for this period likewise was small; those 
for cristal and trochanteric breadth, however, were greater than the mean observed 
in Simmons’ group. 
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three subjects stored calcium at the same rate as did the 
former four subjects. The uniformity in the accretion of 
calcium is clearly shown in the upper set of simplified curves ® 
constructed from data for selected weeks, i.e., the entire period 



Fig. 2 The cumulated calcium retentions of the seven boys are shown (a) 
weekly for the entire experimental period in the lower set of curves and (b) for 
selected weeks in the upper set of curves which have been constructed by drawing 
a straight line between the zero point and the point for the total cumulated 
retention. The black dots recorded at 30 days in the upper set of curves refer 
to the cumulated calcium retentions of eight well-nourished children during the 
last month of a 6-month study conducted by Macy (*42). 


for W, G, C and Jw, the last 9 weeks for D, the last 8 for E and 
the first 4 weeks for Br. For these selected weeks the daily 
retentions averaged 150, 154, 137, 143, 148, 161 and 143 mg., 
respectively, for subjects E, W, C, D, G, Br and Jw (table 1). 

• In order to avoid the confueion introduced by the variable weekly balances a 
straight line has been drawn between the aero point and the point for total re- 
tention for each subject. 
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The mean retention for the group was 151 mg. a value some- 
what higher than the average retention of 134 mg. observed 
for the total, non-seleeted periods. On the basis of body weight 
and skeletal length, respectively, the above retentions are 
9.4, 9.3, 6.7, 8.6, 7.2, 7.1 and 7.1 mg. per kilogram and 1.55, 
1.55, 1.26, 1.36, 1.30, 1.41 and 1.23 mg. per centimeter for the 
children in the above sequence. 

Table 1 also presents the calcium balances during subsequent 
periods of reduced calcium intake. In every instance the re- 
tentions of calcium were greater during period V than during 
period IV. This fact alone, however, should not be taken as 
evidence that the daily requirement for dietary calcium for 
all the subjects more nearly approximated 900 mg. than 700 
mg. This should be obvious when it is realized that the low 
levels of calcium during some of the periods may not have been 
sufficient to allow for normal calcification of the skeletal tis- 
sues formed during that time and that consequently a portion 
of the calcium stored during subsequent periods of excess diet- 
ary calcium may have been used to bring those previously 
formed bones to a state of physiological saturation ; hence the 
retentions during period V are not necessarily representative 
of the well-nourished child. 

The computed requirements for dietary calcium are also 
given in table 1. None of the children needed 1600 mg. of 
calcium daily. Subject G, because of his exceedingly poor 
capacity to utilize calcium, apparently required as much as 
1165 rag.; i.e., 12.7"^ X 100. Subject R’s retention at the 891 
mg. level was similar to that during period I ; a requirement 
of 843 mg. seems probable. In placing Br ’s requirement at less 
than 900 mg., it is pertinent to mention the long period of 
possibly inadequate calcification; i.e., 9 weeks in period I dur- 
ing which very poor utilization was observed even though the 
daily intake approximated 1600 mg., in addition to the 16 
weeks of periods II through IV ; if 161 mg. represents his max- 
imal retention of calcium under good nutritive conditions, a 
daily intake of 826 mg. should be sufficient for him. The re- 
quirements of D and Jw, respectively, are placed at 831 and 
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803 mg. solely on the basis of their retentions during period 1 
and their probable ability to utilize calcium ; unfortunately the 
retentions of these two subjects during periods of reduced 
calcium intakes showed no consistent proportionality to the 
intake and hence do not provide contributory evidence. Sub- 
jects W and C apparently needed a smaller quantity of cal- 
cium than did the other subjects ; at intakes approximating 
700 mg. their calcium retentions were similar to those during 
period I, hence their requirement can be placed, with reason- 
able assurance, at 723 and 685 mg., respectively. The mean 
of these proposed values for requirement for dietary calcium; 
i.e., 843, 723, 685, 831, 1165, 826 and 803, respectively, for 
subjects E, W, C, D, G, Br and Jw, is 839 mg. On the basis 
of weight these values become 53, 44, 35, 50, 57, 37 and 40 
mg. per kilogram, whereas the percentimeter requirements 
are 8.7, 7.3, 6.6, 8.0, 10.3, 7.2 and 6.9 mg., listed in the same 
order as the values given above; the mean values for the 
two sets of data are 45 mg. and 7.8 mg., respectively. 

■ DISOtrSSION 

The method used in this experiment for assessiog the cal- 
cium requirements of the preschool boys involves the deter- 
mination of the calcium retention during a period of generous 
calcium intake and its conversion into terms of dietary cal- 
cium, using data concerning the extent to which each subject 
could utilize milk calcium. Inherent in this procedure is the 
assumption that the child’s only requirement for calcium 
is for growth; if he needed to ingest calcium to replace endog- 
enous losses, then the total requirement would be greater 
than the values computed by this method. However, our 
investigations on children, including six of those in this 
study, have indicated that, at levels of intake not exceeding 
the requirement, no extra calcium need be provided for main- 
tenance purposes (Kinsman et al., ’39). If this is true, then 
the approach used in this study is not only theoretically sound 
but also serves as a means of determining fairly precise cal- 
cium requirements. 
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An important feature of this study was the feeding of gen- 
erous quantities of calcium at the beginning of the study in an 
attempt to insure physiological calcification of previously 
formed, but possibly inadequately calcified bone in order to 
obtain subsequently, under conditions of generous calcium 
feeding, an accurate measure of the calcium required for 
growth. Some of the subjects; Le., B, C, Br and Jw, as pre- 
viously mentioned, should have been in a satisfactory state of 
calcium nutrition at the beginning of the study and hence 
their retentions during the entire 13 weeks of period I should 
be indicative of their day-to-day requirements for calcium. 
Nevertheless a selection of data was made in the case of three 
of these children. Subject B, following the first week of the 
experiment, was ill for 2 weeks; since his calcium balances 
during the first 3 weeks following the illness were not typical 
of those during the subsequent 8 weeks, they were discarded. 
Subject Br was virtually in calcium equilibrium during the 
last 9 weeks of the experiment, a response not observed in this 
subject even when his daily ingestion of calcium was markedly 
reduced as in period II. Therefore the conclusion was reached 
that the child’s needs might be more accurately expressed by 
the calcium retentions during the first 4 weeks than by the 
mean retention of the entire 13 weeks; hence the data for 
the last 9 weeks were discarded. The retentions of two of 
the children were greater during the early weeks of the 
experiment than they were during the latter part, suggest- 
ing a partial inadequacy of the calcium reserves at the 
beginning of the experiment. In the case of D whose daily 
retention of calcium averaged 253 mg. during the first 9 
weeks but only 143 mg. during the second 9 weeks, the data 
for the first 9 weeks were discarded. In the case of subject Cl, 
who retained 221 mg., as an average, during the first 6 weeks 
and 84 mg. during the last 7 weeks, the data for the entire 13 
weeks were averaged. However, if this child was under- 
nourished at the beginning of the experiment, the latter figure, 
i.e., 84 mg., doubtless would be more representative of his 
true requirement than would the mean value for the entire 
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period, namely, 147 mg. Whether or not such a selection of 
data as employed in the case of subjects R, D and Br is defen- 
sible is open to argument. Two results, however, have already 
been mentioned; namely, a greater uniformity in calcium re- 
tention among the children and a higher mean value for the 
group. In a group of eight children receiving 900 mg. of cal- 
cium daily for 6 months Macy (’42) observed a progressive 
increase in uniformity of, and in mean value for, the calcium 
retentions. For purposes of comparison the cumulations of 
calcium by her subjects during the last month of the experi- 
ment are recorded as black dots ; i.e., at 30 days, in the upper 
set of curves in figure 2. It is obvious that the uniformity in 
calcium retentions, as expressed by the values assigned to 
the children in the present study, is as great as that observed 
for the children in Macy’s study after 5 months on a calcium- 
adequate regimen. 

The seven subjects in this study bring to a total of twelve 
the number of preschool children whose calcium metaboli.sm 
has been studied in this laboratory. The daily retentions pro- 
posed for the boys average 151 mg. whereas those for the girls 
average 128 mg., values which, when converted to a per-kilo- 
gram basis, agree remarkably well; i.e., 7.9 and 7.8 for the 
boys and girls, respectively. Similar mean values can be found 
in the literature for preschool children who have been held 
on experimental diets for considerable time ; i.e., 8.0 mg. per 
kilogram for Porter-Levin’s (’32- ’33, ’33- ’34) five children, 
7.6 mg. for the five of Hawks et al. ( ’42), 8.1 mg. for the four 
reported by both Bonner et al. (’38) and Hummel et al. ( ’39) 
and 8.7 mg. for eight children of Daniels et al. ( ’34), the mean 
value for these twenty-two children being 8.2 mg. per kilogram. 
On the basis of a somewhat different method for selection of 
the calcium-balance data reported in the literature, mean 
values of the same order of magnitude were obtained by Duck- 
worth and Warnock (’42), namely, 138, 145, 159 and 129 mg. 
daily, for 2-, 3-, 4-, and 5-year-old children, respectively. 

However the quantities of calcium retained by the subjects 
in this study are probably higher than can be accounted for 
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bv growth needs alone. Mitchell, Hamilton, Steggerda and 
Bean ( ’45), basing their estimate on gains in total body weight 
and Shohl (’39) and Holmes (’45), in attempts to take into 
consideration the accelerated growth of the skeletal tissues 
during the first year of life, have concluded that the accretion 
of calcium during the preschool years is very small. The daily 
storages during the second, third, fourth, fifth and sixth years 
estimated by Mitchell et al. are 105, 70, 53, 50 and 60 mg., 
respectively, hy Shohl 110, 90, 68, 105, and 138 mg., and by 
Holmes 117, 91, 88, 90 and 111 mg. Of the twelve children 
studied in this laboratory only two retained calcium in compar- 
able quantities ; i.e., the girl, M, whose daily retentions over a 
6-week period averaged 106 mg. and the boy, G, whose reten- 
tions over a 7-week period averaged 84 mg. The considerably 
higher accretions found for the other subjects may be the re- 
sult of a calcium impoverishment of the skeletal tissues pres- 
ent at the beginning of the metabolic studies and resulting 
from inadequate calcium feeding possibly instituted at birth 
(Stearns, ’39). If this explanation of the discrepancy between 
the estimated and the observed values is valid, it is obvious 
that a period of liberal calcium feeding considerably longer 
than the 13-week period used in this study would have been 
necessary in order to secure calcium retentions relating solely 
to growth. 

The range in values for the proposed daily requirement for 
dietary calcium of the seven boys is from 685 to 1165 mg. This 
range is much greater than that reported for five preschool 
girls (Outhouse et al., ’39) ; for their total requirement, the 
extremes were 615 and 665 mg. or 32 and 41 mg. per kilogram. 
However, by applying to the data for the girls the method of 
assessment herein used, slightly different requirements than 
those published previously can be obtained. The new figures 
would be, for subjects B, M, J, P and S, respectively, 725, 855, 
702, 535 and 679 mg. daily; they would average 699 mg. On 
the basis of such values, the per kilogram requirements would 
be 50.0, 60.6, 39.1, 30.2 and 35.5 mg. and would average 43.1 
mg., whereas the per-centimeter requirements would be 7.8, 
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8.7, 7.1, 4.8 and 6.4, averaging 7.0 mg. Thus the requirements 
of the girls on a weight or height basis show a wider range than 
do those of the boys. The mean values for the two groups, 
however, are very similar; i.e., 45 and 43 mg. per kilogram 
and 7.8 and 7.0 mg. per centimeter for the boys and girls, 
respectively. 

Since the non-milk foods available to the average American 
child would not, in the quantities usually eaten, provide as 
much calcium for the physiological calcification of skeletal 
tissues as children under experimental conditions have re- 
tained, an expression of the milk needs of the children of this 
study would seem pertinent. On the assumption that they could 
obtain daily, from the non-milk foods currently recommended 
for children of this age, approximately 300 mg. of calcium, 
the quantities of milk with which they would need to supple- 
ment such a dietary have been calculated and recorded in 
table 1. The resulting milk requirements range from 321 to 
720 and average 478 gm. Six of the boys needed less than 1 
pint daily ; one who had a poor capacity to utilize dietary cal- 
cium could not have satisfied the calcium needs assigned to 
him by ingesting less than f of a quart of milk. 

SUMMABT 

Seven preschool boys were subjected to a 40-week experi- 
ment during which calcium balances at different levels of cal- 
cium intake were determined for the purpose of assessing 
requirements for calcium. The values believed to be repre- 
sentative of the daily needs of the children were, in order of 
increasing age of the subjects, 150, 154, 137, 143, 148, 161 and 
143 mg. On the basis of such retentions and at the rate at 
which each subject could utilize milk calcium, the daily re- 
quirements for dietary calcium have been computed, the re- 
sulting values being 843, 723, 685, 831, 1165, 826 and 803 mg. 
or 53, 44, 35, 50, 57, 37 and 40 mg. per kilogram, respectively. 
Assuming that children, under acceptable dietary conditions, 
could secure approximately 300 mg. of calcium daily from the 
non-milk foods which they eat and that such calcium is utilized 
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to the same extent as is that of milk, the requirements of six of 
the children would have been met by a milk supplement no 
greater than 2 cupfuls. One subject would have needed as 
much as I of a quart. , 
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It is now well established that ingestion of a diet low in pro- 
tein and choline will result in hepatic necrosis and cirrhosis in 
the rat (Gyorgy and Goldblatt, ’39, ’42; Webster, ’41; Blum- 
berg and McCollum, ’41 ; Daft et al., ’41), However, before this 
was demonstrated, Connor (’37) had expressed the view that 
Laeunec’s cirrhosis in man is the ultimate outcome of fatty in- 
filtration of the liver and surmised that if a given cirrhotic liver 
is not fatty, it is only so because the fat previously present has 
disappeared. Since choline deficiency rapidly results in fatty 
infiltration of the liver it has seemed reasonable that the hepa- 
tic necrosis and cirrhosis of choline deficiency may be the ob- 
ligatory consequences of chronic fatty infiltration. However, 
no adequate proof of this hypothesis has been offered. The 
present paper describes an attempt to determine experimen- 
tally the significance of the accumulation of fat in the develop- 
ment of the subsequent hepatic necrosis and fibrosis due to 
choline deficiency. 

EXPERIMENTAL 

Weanling rats of the Vanderbilt strain (Wolfe et al., ’38) 
were offered the experimental diets Avhen they had attained 
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a weight of 45-^0 gm. They were housed in individual cages 
and, with the exception of group H, were offered the various 
diets ad libitum. A large number of the animals died before 
the termination of the experimental period of 120 days. 
Usually this was recognized in advance and, when it was 
deemed that such an animal could not survive the night, it was 
sacrificed by decapitation and the liver excised, in the same 
manner used for all rats after 120 days. About half the liver 
was then taken for total fat analysis (Handler and Dann, ’42) 
and the remainder was fixed in neutral 10% formalin. Sec- 
tions were stained with hematoxylin and eosin. 

Optimal dietary conditions for the production of hepatic 
cirrhosis due to choline deficiency 

Before proceeding to examine the role of fattj' infiltration 
it was thought necessary to first establish optimal dietary 
conditions for the production of hepatic cirrhosis due to choline 
deficiency. Of the various diets which have been used to this 
end, the most effective appear to have been those of Daft et al. 
(’41). These workers employed diets containing 4% casein, 
with very little fat and starch as the carbohydrate. It was, 
however, thought desirable to compare such a diet with others 
(a) using sucrose as the dietary carbohydrate since Griffith 
(’41) was unable to produce “hemorrhagic kidneys” when 
starch was the dietary carbohydrate, (b) containing greater 
amounts of fat and cholesterol, and (c) containing somewhat 
more protein since this low level permits only very slow 
growth. The composition of these diets and the others em- 
ployed in this study are summarized in table 1. 

When starch was used as the dietary carbohydrate (group 
A) on a low fat diet all but nine animals survived the 120-day 
experimental period. The livers of all this group were found 
to contain moderate quantities of fat and most of those which 
were appreciably fatty showed a slight to moderate degree of 
necrosis. The necrosis appeared to commence around the 
central vein and was usually restricted to this region. The 
liver cells showed various stages of necrosis, from hyaliniza- 
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tion or poor staining of the cell to complete disintegration. The 
older necrotic areas appeared as foci of loss of liver substance 
with replacement by masses of refractive non-staining bodies 
(yellow, yellow-orange, or yellow-green) lying in a minimal 
amount of scar tissue. This material presumably was identi- 
cal with the material named “ceroid” by Lillie et al. (’42). 
It lay either free in scar tissue or within macrophages. The 
scarring was very slight. The liver cells that remained showed 
a marked fatty change and were grouped into roughly circular 


TABLE 1 

Percentage composition of experimental diets. 


INGREDIENT 




D 

I E T 




A 

B 

(’ 

1) 

E 

P 

(1 

L 

Casein 

5 

5 

5 

7 

10 

8 

5 

18 

Starch 

85.5 


68 

66 

63 

63 


53.8 

Sucrose 


85.5 







Lactose 







68 


Cottonseed oil 

3 

3 

10 

10 

10 

10 

10 

10 

Lard 



10 

10 

10 

10 

10 

10 

Cod liver oil 

2 

2 

2 

2 

2 

o 

2 

2 

Salts * 

4 

4 

4 

4 

4 

4 

4 

4 

Cystine 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

0.; 

5 0.5 

Cholesterol 



0.5 

0 5 

0.5 

0.5 

0.5 0.5 

Nicotinamide 






2 


1.2 

In addition, 

to each kilogram 

of diet 

were 

added the 

following . 

thiamine 


chloride 10 mg., riboflavin 20 mg., pyridoxine 10 mg., calcium pantothenate 100 
mg., p-aminobenzoic acid 100 mg,, 2-methylnapthoquinone 5 mg. 

‘Hubbcll, R. G., L. B. Mendel and A. J. Wakeman, 1937 J. Nutrition, vol. 14, 
p. 273. 


islands surrounded by delicate strands of connective tissue 
consisting of one or two layers of fibroblasts lying next to 
newly formed capillaries. There w^as practically no inflamma- 
tion except for rare tiny foci of round cells and eosinophils. 
There was no hemorrhage. 

The diet of group B differed from that of group A only in 
that sucrose was the dietary carbohydrate. Of the total of 
twenty-four animals offered this diet, nineteen died before 
the end of the 120 period, the mean sui’vival time of this group 
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being 76 days. Histological study was made of the livers of 
the survivors and the last ten rats to die. The other animals 
died unexpectedly and, when found, sufficient post-mortem 
decay had occurred to warrant discarding them. 

Of the livers examined, two showed essentially no fatty 
change. The others were moderately fatty. However, in only 
two was there any evidence of necrosis and this was slight. 
This may have been due to the early death of these animals 
so that tliere was not sufficient time for any extensive necrosis 
or it may be related to the only moderate degree of fatty infil- 
tration. The latter seems reasonable since the rats of group 
B ate, on the average, 5.1 gm. per day while those in group A 

TABLE 2 


Summary of histological findings in choline deficiency under various circnmstances. 


(JKOUP 

MKAS 
WfclGHT OF 
SURVIVORS 

LIVBR 

WKIOHT 

LIVKR FATTY 
ACIDS 

HISTOUXaCAL F.XAMIKATION 

Fat Necrosis 

Fibrosis 


gm. 

gm. 

% wet weight 




A 

154 

7.9 

16.3 


-f-h 

0 

B 

109 

7.6 

12.7 

+++ 

4- 

0 




Highly variable 



C 

98 

8.1 

3-27 

+ + + + 


-f-h 

H 

41 

2.4 

4.4 

0-+ 


0 

K 

52 

2.0 

5.1 


0-+ 

0 

L 

154 

10.5 

23.2 

-h-i-h-f 

0-+ 

0 


ate 6.6 gm. per day. However, the difference in liver fat con- 
centrations of these two groups, as shown in table 2, was not 
impressive. The basis for this distinction is not apparent 
but may lie in a refection-like process facilitated by the pres- 
ence of starch and providing accessory factors which were not 
included in the diets. This situation is the reverse of that 
observed by Griffith (’41) in his studies of renal damage due 
to choline deficiency. It was concluded that for the purposes 
of this study starch was preferable to sucrose as the dietary 
carbohydrate. 

Group 0 was fed a ration containing 10% lard, 10% cotton- 
seed oil and 0.5% cholesterol, with 5% casein and starch 
making up most of the balance. Of twelve rats in this group, 
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four survived for the entire experimental period and the mean 
survival time of the others was 97 days. These animals grew 
slowly through almost the entire experiment although some 
lost weight during the last week or two. Four of the animals 
that died prematurely appeared to gain weight rapidly during 
the last few days but this was due to the accumulation of 
ascitic and pleural fluid. The livers of this group showed 
marked fatty change and extensive necrosis. In some livers 
there was nothing left but masses of ceroid within scar tissue 
and there were huge areas in which no liver cells remained. 
The mass that composed the liver was really the ceroid and 
other fatty material lying in bands of connective tissue. The 
latter mass was made up of spindle-shaped fibroblasts in the 
more recently destroyed areas but in the older areas consisted 
of pink staining bands resembling collagen. Where liver cells 
were seen, they were found in small islands surrounded by 
delicate bands of connective tissue. Most of these remaining 
liver cells showed considerable fatty change. On the other 
hand there were a few circular islands of apparently normal 
liver cells, which appeared to be areas of regeneration. The 
results of chemical determinations of fat content in this group 
were quite variable (table 2). Some of the most extensively 
necrotic livers were found to have only moderate fat concen- 
trations, 3 to 10%, while others were extremely high, 15-25%. 
When groups of six rats were sacrificed 30 and 60 days after 
they were put on diet 0, liver fat concentrations uniformly 
above 15% and as high as 30% were found. This must indi- 
cate that the necrotic livers of low fat content were at one time 
highly fatty but the fat disappeared with the death and sub- 
sequent phagocytosis of the liver cells. This process, then, is 
not primarily a fibrosis, but a fat induced necrosis with subse- 
quent scar replacement. It must be recognized that were it not 
for the ceroid, which is apparently not an integral part of this 
process but accumulates only when appreciable quantities of 
cod liver oil are fed (Endicott, ’44; Wachstein, ’45), these 
livers would have been much smaller and a larger percentage of 
their total mass would have been fibrous tissue. 
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To ascertain the optimal protein content of the diet for the 
production of hepatic damage due to choline deficiency, groups 
D and E were fed diets similar to C but in which the casein 
level was raised to 7 and 10%, respectively. Of the rats in 
group E, 80% died within the first 12 days of the experiment 
and in all of these were found the grossly hemorrhagic kidneys 
associated with acute choline deficiency in the very young 
growing rat. Alore surprising, however, was the fact that 
virtually all of the animals in group D died after 5 to 7 weeks 
and in these animals also were found grossly hemorrhagic 
kidneys. Their livers, while very fatty, showed practically no 
necrosis or fibrosis. This was not surprising in view of the 
comparatively brief duration of the experiment. These animals 
will be described in detail in a subsequent report. 

Not included in the table were two other groups which 
received the diet of group C supplemented with 0.35% choline 
chloride and 0.7% methionine, respectively. One of the ten 
animals in each group died prematurely but these, like the 
others, showed normal liver fat concentrations and no evi- 
dence of liver necrosis. Under these circumstances, it was 
concluded that the diet of group C, containing 5% casein, 
with starch as the carbohydrate and a considerable quantity 
of fat and cholesterol was optimal for the production of hepatic 
damage due to choline deficiency. 

The effects of choline deficiency withotit fatty 
metamorphosis of the liver 

The conditions found most favorable for the development 
of choline deficiency hepatic cirrhosis were also those which 
most promptly induced the accumulation of excessive liver fat. 
This is in accord with the principles stated by Connor (’37). 
To further test this hypothesis it was decided to study the fate 
of animals on a choline deficient regime so jnodified that no 
accumulation of excessive liver fat would occur. Several at- 
tempts were made to produce such conditions. 

The first of these was excessive nicotinamide feeding. If 
2% of nicotinamide is included in an 8% casein, high fat diet 
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(group F) the animals lose weight and fail to show fatty livers, 
even though the cause of growth failure is methionine, and 
consequently choline, deficiency (Handler and Dann, ’42; 
Handler, ’44). However, this phenomenon had only been 
studied in experiments of 14- and 28-day duration. When a 
longer trial was made, the animals in this group appeared 
to fall into two classes : those which lost weight steadily and 



Fig. 1 Helationship between growth and liver fat concentration in excessive 
nicotinamide feeding. 


died, presumably of methionine deficiency, and those which 
reached and maintained a weight plateau, after which their 
liver fat concentrations rose steadily. A few animals actually 
began to gain weight after 4 to 5 weeks and these showed a con- 
siderably elevated liver fat content. These data are summar- 
ized in figure 1, the figures representing mean values obtained 
with groups of five rats each sacrificed at 14-day intervals. 
This procedure, therefore, seemed fruitless for our purposes. 
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A second attempt was made, utilizing the fact that young 
rats on a low protein, high fat diet with lactose as the dietary 
carbohydrate show very little increment in liver fat content 
and no hemorrhagic kidneys ( Artom and Fishman, ’45 ; Hand- 
ler, unpublished data). However, when a diet similar to that 
of group C was fed, with lactose substituted for starch, all 
the animals died after 14 to 22 days, a phenomenon not ob- 
served in the earlier experiments of 7-day duration. This 
has since been reiiorted by Ershoff and Deuel (’44) and the 
mechanism is now being studied in detail and will be reported 
later. Consequently, this technique also was discarded. 

Bats fed a diet concomitantly deficient in thiamine and cho- 
line do not show the characteristic fatty livers of choline de- 
ficiency (McHenry, ’37). This is not due to any specific ef- 
fects on fat metabolism, but, rather, appears to be due to the 
anorexia, and is but one instance of the generalization that 
rats which are losing weight or in negative niti-ogen or caloric 
balance, do not develop fatty livers despite choline deficiency 
(Handler, ’43; Handler and Bernheim, ’43; Boxer and Stet- 
ten, ’44). Group H consisted of twenty-four rats which were 
fed a diet similar to that of group C but lacking thiamine. 
These animals were started at an initial weight of 70 gm. and 
after they had lost about 20 gm. were given weekly doses of 
thiamine, which varied from rat to rat, such that in no instance 
did the weight of any rat exceed 55 gm. and most of them 
actually dropped below 50 gm. Only thirteen rats survived for 
120 days, the others dying, apparently, of thiamine deficiency. 
The livers of all the rats which died prematurely were found 
to have unusually low concentrations of liver fat. Of the 
others, most had small but apparently normal livers. The 
maximum liver fat concentration found in the group was 7.8%. 
Histologically these showed little or no fatty infiltration and 
virtually no necrosis "was seen. 

Group K was composed of twelve rats which were pair fed 
with members of group C and fed the same ration, but whose 
daily food intake was limited to about 50-60% of that of the 
members of group C. Two of these failed to survive the ex- 
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perimental period. Of the remainder, four actually gained 
some weight over this period, albeit very slowly, and the re- 
mainder either lost weight or remained almost constant. The 
animals which did gain in weight were found to have somewhat 
elevated liver fat concentrations while the others were normal 
or almost so. No necrosis or fibrosis was observed in the 
livers of normal fat concentration, while only a slight degree 
of focal necrosis with minimal fibrosis was found in the livers 
of elevated fat content. Groups H and K, then, afford examples 
of situations in w’^hich rats were maintained for lengthy 
periods on choline deficient regimes but under circumstances in 
which virtually no accumulation of excessive fat occurred, 
nor was there any appreciable necrosis or fibrosis. This sug- 
gests that hepatic necrosis, in choline deficiency, not only 
occurs under those circumstances which produce an extensive 
fatty metamorphosis but may actually be the end result 
of this process. 

The effects of choline deficiency on rats fed a 
relatwely high casein diet 

All of the diets used above, while choline deficient, were 
complicated by the fact that they were, of necessity, low pro- 
tein diets. This was done to keep the methionine content at 
a minimum. Choline deficiency on relatively high protein in- 
take has only been studied with fibrin or peanut meal rather 
than casein as the dietary protein. It was thought of interest 
to study the effects of choline deficiency in the presence of an 
adequate level of casein intake. Group L, therefore, was of- 
fered an 18% casein diet whose effective methionine content 
was reduced by the addition of nicotinamide. Thirty-six rats 
were used and batches of six each were killed at the end of 2, 
4, 8, and 12 weeks and their livers taken for fat analysis. Two 
animals died unexpectedly and their livers were included with 
those of the remaining ten which were sacrificed after 120 
days and samples taken for both chemical and histological 
examination. As shown in table 3, this device was successful 
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in that high liver fat concentrations were maintained through- 
out the experimental period. An attempt was also made to 
determine the effective methionine content of this diet. This 
was done by placing groups of two rats each in metabolism 
cages and urine collections were made for a 48-hour period 
and the N'-methylnicotinamide content estimated. While the 
first values were determined by the procedure of Huff and 
Perlzweig ( ’43), the later figures were obtained by the method 
of Huff, Perlzweig and TUden (’45). Recovery experiments 
after giving known amounts of N'-methylnicotinamide chloride 
to normal rats of comparable size were also performed. When 


TABLE 3 

Liver fat conrentration during course of moderate nicotinamide feeding on a 

high casein diet. 


TIME 

11-4T WEICHT 

1 

LIVEE FAT 1 

1 

TIME 

HAT WEIGHT 

LIVER FAT 

days 

gm. 

% wet 1 

days 

gm. 

% wet 



weight 1 



weight 

0 

43 

4.9 

56 

U2 

22.3 

14 

64 

12.0 

84 

137 

22.4 

28 

92 

18.1 

120 

154 

23.2 


nicotinamide is given to rats, about one-fifth of the dose 
can be recovered in the urine as N'-methylnicotinamide (Huff, 
’45). Furthermore, when the latter compound itself is given, 
only about one-fifth of it can be recovered in the urine. From 
these considerations, it has been surmised that the four-fifths 
of unrecovered nicotinamide was also methylated and this 
compound then destroyed or further altered. Therefore, in 
table 4 are presented two columns representing the amount of 
available methionine if this assumption is correct (B) and 
also based directly on the urinary content of N'-methylnico- 
tinamide (A). The methionine content of casein was assumed 
to be 3.5% (Block and Bolling, ’45). The urinary recovery 
of N'-methylnicotinamide, as a percentage of the administered 
nicotinamide, decreased somewhat with time. It cannot be 
stated whether this represents decreased synthesis or in- 
creased destruction of the N'-methylnicotinamide. Through 
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most of the experiment, however, the effective methionine 
content of the diet was equivalent to a diet containing either 
15% or 6% casein, depending on the validity of the assumption 
above. The extremely fatty livers make the latter values 
seem more nearly correct. 


TABLE 4 

The amount of effective methiomne in a diet containing excess nicotinamide. 
All values are expressed in terms of one rat for 1 day. 


TIME 

FOOD 

INTAKE 

IN POOD intake 

MKTHYL- 

NICOTIN- 

AMIDE 

EXCRETED 

EFPECTIVE 

METHIONINE 

A B 

METHYL- 

NICOTIN- 

AMIDE 

INTAKE 

day 

gm. 

mg. 

mg. 

mg. 

mg. 

mg. 

mg. 

28 

8.3 

58 

100 

7.8 

50 

16 


118 

11.5 

73 

138 

8.6 

64 

26 


1 




38 



220 




TABLE 6 




Unavailability of X'-methylnicot inamide 

for choline 

and methionine synthesis. 


All values represent means for groups of 6 rats^ 



for an experimental period of 7 days. 


SUPPLEMENT 

WEIGHT GAIN 

FOOD INTAKE 

LIVER PATTY 
ACID.S 


gm. per day 

gm per day 

% wet weight 

None 

2.8 

7.8 

21.6 

Choline 

2.8 

7.7 

5.1 

Methionine 

3.3 

8.2 

4.6 

N'-methylnicotinamide 

2.5 

6.9 

18.0 

N'-methylnicotinamide 4- homocystine 

2.3 

7.2 

18.7 


The calculations and assumptions above predicated that the 
methyl group of N'-methylnicotinamide was not available for 
the resynthesis of methionine or choline. This has been indi- 
cated by the work of Handler and Dann ( ’42) but more con- 
crete evidence is presented here. Group 1 was fed diet E, 
similar to that of group C but containing 10% of casein. Group 
2 received the same diet with a supplement of 0.5% choline; 
group 3 received 0.7% methionine; group 4 received 1% of 
N'-methylnicotinamide chloride, while group 5 received 1% 
N'-methylnicotinamide plus 0.7% dl-homocystine. The data 
are summarized in table 5. It will be seen that while choline 
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and methionine completely prevented the excess liver fat 
accumulation, N'-methylnicotinamide alone or in combina- 
tion with homocystine failed to exert lipotropic activity. 

Of the twelve rats in group L sacrificed at the end of 120 
days, five showed only minimally fatty livers with no necrosis 
or fibrosis. The remaining seven livers were extremely fatty 
yet showed only very slight necrosis with minimal fibrosis. 
The necrosis, such as it was, appeared to commence around 
the central vein. The changes were manifest as hyalinization 
and poor staining of the liver cells with subsequent loss of 
liver parenchyma and accumulation of ceroid within a slight 
amount of scar tissue. This group then, stands in contrast to 
groups A and C, Despite the persistent fatty degeneration 
only a minimal amount of necrosis was evident when the 
animals were sacrificed. It seems likely that the necrosis 
might have been more extensive if the experiment had been 
prolonged, but the results would not then have been com- 
parable with groups A and 0. Thus, while the accumulation of 
fat in the livers of animals on low protein diets, in analogy 
with human alcoholic or Laennec cirrhosis, appears to lead, 
to necrosis with subsequent fibrosis, a reasonably high pro- 
tein intake seems to afford a degree of protection against the 
deleterious effects of fat accumulation noted on low protein 
diets. 


DISCUSSION 

In agreement with all previous reports it was found that 
high fat, low protein diets provide optimal conditions for the 
production of hepatic necrosis and fibrosis. These conditions 
also proved optimal for the accumulation of liver fat. When 
these conditions were altered either by thiamine deprivation 
or simply restricting food intake the fatty infiltration was min- 
imal and virtually no necrosis was observed. This suggests 
that the liver necrosis of choline deficiency maybe the obliga- 
tory consequence of massive fatty infiltration of the paren- 
chymatous liver cells and that only the lipotropic activity of 
choline is involved in maintaining the integrity of the liver. 
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This is in accord with Connor’s (’37) concept of the patho- 
genesis of alcoholic cirrhosis in man. 

The data reported herein do not afford an explanation of 
the mechanism by which the accumulation of fat may result in 
the death of parenchymatous liver cells. It is certain that 
such cells are highly organized systems and that the integrity 
of this organization is necessary for the proper functioning 
of the cell. The fat within liver cells is either absorbed from 
the surrounding medium or is synthesized de novo from car- 
bohydrate and protein precursors. However, to leave the 
liver as phospholipid, choline is necessary and, in choline 
deficiency this fat accumulates, appearing first as small dis- 
creet droplets which later coalesce. As more fat collects the 
cytoplasm and nucleus can be found together in one corner 
of the cell whose bulk is now largely the fat droplet. However, 
as still more fat appears, it seems not unreasonable to believe 
that the physical organization of the cytoplasm and nucleus 
is disrupted with consequent loss of function and death. With 
the disintegration of the cell the fat is removed by phagocytosis 
and scar tissue then develops in its place. 

On the other hand the behavior of the rats of the high casein, 
nicotinamide containing diets has demonstrated that liver 
cells may survive despite prolonged fatty infiltration. These 
data are in contrast with those obtained after feeding diets 
containing relatively large amounts of fibrin or peanut meal. 
The fat concentrations in the livers of group L were as great 
as those seen during the development of liver necrosis and 
fibrosis under our optimal conditions. Yet virtually no ne- 
crosis was found. No evidence is available concerning the 
fate of the methionine moiety after transmethylation and 
N'-methylnicotinamide synthesis although it has been assumed 
that homocysteine is formed and the latter converted to 
cysteine and cystine. It remains possible that the apparent 
protection afforded the liver by this high casein diet resides 
in this methionine derivative, but this protective capacity is 
not based upon lipotropic activity. It is, however, consistent 
with Gyorgy’s (’44) findings that choline plus cystine is more 
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effective than choline alone in the prevention of necrosis and 
cirrhosis, and perhaps this situation is similar to the frequent 
post-mortem finding of highly fatty livers with little or no 
necrosis. Further study of the possible role of other amino 
acids and such factors as strepogenin is warranted. 

Becently Himsworth and Glynn ( ’44 a, b) have distinguished 
between an acute, massive, hepatic necrosis, analogous to 
acute yellow atrophy in man, which they state to be due, 
specifically, to methionine deficiency (but despite rather than 
because of its lipotropic activity) and a progressive, diffuse 
hepatic fibrosis which is not accompanied by necrosis but 
thought to be due to fatty infiltration caused by lack of sufli- 
cient dietary lipotropic factors (methionine, choline, etc.) and 
preventable by dried yeast. Comparison of their data with 
ours is difiicult because of the many differences in technique 
and the diets employed. Since the lesions we have studied 
were actually post-necrotic scars they would consider our 
results to be the combination of their two supposedly, inde- 
pendent, disease processes. It is difficult indeed to understand 
the development of scar tissue in a liver which is composed of 
living, albeit fatty cells. We have observed no process similar 
to their massive necrosis and believe that this is because 
of the inclusion of sufficient cystine in all of our diets. While 
they found that methionine was preventive but cystine was not, 
it must be noted that while they used supplements of 20 mg. 
per day of methionine, they tried cystine only at the level of 
2.2 mg. per day. In contrast our diets provided about 30 mg. 
of cystine per day which should have been ample to prevent 
the specific necrosis of cystine deficiency (Weichselbaum, 
’35; Daft et al., ’41) which is apparently similar to these 
authors’ acute, massive necrosis. The protective action of 
methionine may well have been due to its conversion to cystine. 
Since the livers of our choline deficient rats were definitely 
necrotic despite the presence of adequate dietary cystine, and 
since choline supplements to such a diet completely prevented 
the appearance of any form of demonstrable hepatic damage, 
we must conclude that the hepatic fibrosis of choline deficiency 
is a form of postnecrotic scarring. 
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SUMMARY 

1. Diets high in fat containing ir-dfo casein with starch as 
the carbohydrate and supplemented with cystine and choles- 
terol proved most suitable for the production of choline defi- 
ciency liver necrosis and fibrosis in albino rats. 

2. Thiamine deficiency or restricted food consumption pre- 
vented the accumulation of excessive liver fat and also liver 
necrosis. 

3. N'-methylnicotinamide was found to exert no lipotropic 
activity alone or in combination with homocystine. 

4. Inclusion of excess nicotinamide in an 18% casein diet 
produced extensive fatty infiltration but only minimal necrosis 
of the liver. 

5. It is suggested that the hepatic necrosis and fibrosis of 
choline deficiency may be the result of chronic fatty infiltra- 
tion. The ingestion df an adequate quantity of good protein 
protects the liver from the deleterious etfects of chronic fatty 
infiltration but this protective capacity is not based upon 
lipotropic activity alone. 
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PLATli] 1 


EXPLANATION OP FIGURES 

All wcTo stMiiied with liemutoxyliii niid eosiii. 

A. Nurnuil li\oi; grouj) K; restricteil intake of optimal eivvliosis producing 
diet. X 137. 

B. Liver of t\]nca1 rat in group L; nicotinamide added to liigh casein diet; 
note lack of necrosis despite extensive fatty' change, esjieeially in central portion 
of lobule. X 137. 

0. Inver of rat in group (1; optimal diet for producing cirrhosis* This liver 
still shows a markcf] fatty change witli but a moderate degree of cirrhosis. 
The liver siibatanee is arranged in irregular islands demarcated by connective 
tissue in ivliieh the ceroid is visible as non-staining refractile white dots. /X.blk 

D. Another Iher from group C. This area is at the j)eri]»liery of an island 

of liver tissue and shows the numerous globules of eeroid lying in a meshwork 
of newly formed connective tissue and capillaries. X 295. , ’ 

E. Another liver from group (1. This is an extreme degree of liver necrosis. 
In the area shown ]a‘actically all the liver cells have died so that the mass consists 
of small globules ot ceroid lying in connective tissue. Some globules of fat still 
remain. X 60. 
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VITAMIN C CONTENT OF MARKET MILK, 
EVAPORATED MILK, AND POWDERED 
WHOLE MILK 


AUBBEY P. STEWART, JR. AND PAUL P. SHARP 

Besearch Laboratory of Golden State Co,, Ltd., San Franmco, California 

TWO FIGURES 

(Received for publication September 13, 1945) 

The vitamin C content of cows’ milk has been studied by a 
large number of investigatoi-s. Boohei’, Hartzler and Hewston 
( ’42) and ilendive and Repetto (’40) have made compilations 
of values found in the literature. Much of the data concerning 
the vitamin C content of milk has been obtained with the 
object of studying factors which influence the amount orig- 
inally present in the milk and its stability under various con- 
ditions. Comparatively little data have been published 
concerning the actual amount of vitamin C in milk and milk 
products produced commercially and sold to consumers. 

An extensive survey of the ascorbic acid content of commer- 
cial pasteurized bottled milk was conducted by Guthrie, Hand, 
and Sharp ( ’38), who found an average of 2.9 mg. retluced as- 
corbic acid per liter as the result of analyzing 1502 samples 
from dairy plants in the State of Ncav York 24 hours after 
delivery. Hawley (’38) found an average of 9 mg. reduced 
ascorbic acid per liter in 100 samples of commercial pasteur- 
ized milk taken from milk wagons in Rochester, New York. 
Samples from five dairies in Madison, Wisconsin, were 
analyzed by Woessner, Elvehjem and Schuette (’39) and 
found to contain an average of 8.9 rag. reduced ascorbic acid 
and 12.6 mg. total vitamin C per liter. Among those studies 
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made on milk sold in foreign cities is that of Mendive and 
Bepetto (’40), who found 11.3 mg. to 22 mg. total vitamin C 
per liter in pasteurized milk sold in Buenos Aires, approxi- 
mately half being in the form of dehydroascorbic acid ; Palla- 
dina and Anashkina ( ’37) found an average of 16.5 mg. vita- 
min C per liter in milk sold in Leningrad. 

The importance of dehydroascorbic acid as a source of 
vitamin C has not been realized, nor suitable methods for its 
analysis devised until recent years. The necessity for deter- 
mining dehydroascorbic acid in addition to reduced ascorbic 
acid has been shown by Hand ( ’43), who states that determina- 
tions of reduced ascorbic acid alone may be in error as a 
measure of total vitamin C by amounts ranging from 0 to 6 
mg. per liter. 

Sharp, Guthrie and Hand (’38, ’40, ’41, ’42) have made 
comprehensive studies of the stability of vitamin C in milk. 
A total of 1187 samples of fresh milk were analyzed in which 
the reduced ascorbic acid content was found to range from 
7 to 41 mg. per liter with an average value of 22.2 mg. Pas- 
teurization was found to accelerate the destruction of ascorbic 
acid only in the presence of dissolved oxygen and copper. 
Season and feed of the cow exerted little effect upon the as- 
corbic acid content of the fresh milk. The same authors 
studied losses of vitamin C in milk in commercial milk plants 
from the time of its delivery to the country milk plant 
to bottling in New York City. Milk in the patrons’ cans at 
the country shipping plant averaged 18.9 mg, per liter, weigh 
tanks 18.5 mg., pump reservoir 18.4 mg., tank truck 18.3 mg., 
and tank cars 17.7 mg. In one plant in New York City, using 
holder pasteurization, the milk entering the weigh tank aver- 
aged 15,7 mg., before pasteurizer 15.7 mg., after pasteurizer 
11.1 mg., after cooler 9.1 mg. and in the bottle 9.1 mg. A simi- 
lar study as the milk passed through a New York City plant 
using short-hold-high-temperature pasteurization showed that 
milk entering the plant averaged 15.7 mg., after pasteurization 
15.0 mg., and in the bottle 14.3 mg. The causes for losses in 
vitamin C are shown to be the result of copper contamination 
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and presence of dissolved oxygen, during pasteurization and 
especially on holding after pasteurization. 

The vitamin C content of evaporated milk has been stated by 
various investigators (Doan and Josephson, ’43; Henry et ah, 
’38; Meulemaiis and de Haas, ’38; Schlemmer et ah, ’32; Tani- 
guchi et ah, ’37 ; Tomoi and Tomita, ’37 ; and Woessner et ah, 
’40) to range from practically none to more than that found 
in fresh milk. It has been pointed out by Woessner, Elvehjem 
and Schuette ( ’40) that in most of the earlier work methods 
Avere employed in which there was no evidence presented as 
to their specificity for vitamin C. This no doubt explains for 
the most part the wide variation in values found in the litera- 
ture. More recent values obtained with methods designed to 
correct for interfering substances are those of Woessner, 
Elvehiem and Schuette (’40) who found 1.9 mg. to 11.2 mg. 
pei‘ liter of reconstituted e\’^aporated milk purchased from 
stores, while an average of 4.1 mg. per liter was obtained by 
Doan and Josephson (’43). 

Although there are a number of references in the literature 
(Barcroft, ’43; Henry et al., ’39; Hochberg et ah, ’43; Jung, 
’40; Meulemans and de Haas, ’38; Renner, ’36; Schlemmer 
et ah, ’32; Tomoi and Tomita, ’37; and Woessner et ah, ’40), 
almost no comprehensive data are available concerning the 
vitamin C content of powdered whole milk. Analysis has 
generally been carried out on only a few samples and values 
vary greatly among different investigators. The same criti- 
cism as to lack of evidence for the specificity of the methods 
employed for the analysis of evaporated milk can be applied 
to most of the data for Autamin C in powdered milk. 

METHODS 

Reduced ascorbic acid in market milk Avas analyzed by 
indophenol titration according to the method of Sharp (’38). 
Dehydroascorbic in market milk was determined after con- 
version to reduced ascorbic acid with a suspension of Es- 
cherichia coli as described by Gunsalus and Hand (’41). 
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Evaporated milk contains large amounts of reducing sub- 
stances which interfere with the indophenol titration method. 
This is also true to a lesser degree with powdered whole milk. 
To obtain true values for vitamin C the authors’ selective 
oxidation-reduction method (Stewart and Sharp, ’45) was 
used. In this method the enzyme (or enzymes) in cucumber 
juice is used to destroy interfering substances, while also 
converting reduced ascorbic acid to dehydroascorbic acid. 
By subsequently adding a suspension of Escherichia coli or 
Staphylococcus albus the ascorbic acid is recovered in the 
reduced form and any dehydroascorbic acid originally present 
is also converted to reduced ascorbic acid, which can be ti- 
trated with indophenol dye. 

EXPERIMENTAL AND RESULTS 

Market milk 

Studies were made to determine the total vitamin C content 
of milk under conditions representative of those in the con- 
sumer’s home. For this purpose, samples of commercial pas- 
teurized milk were brought to the laboratory for analysis 
directly from homes of actual subscribers to home delivery 
milk and from retail stores. Since much of the milk was 
delivered during the afternoons, the samples were placed 
in a refrigerator at 10°C. and analyzed the next morning 
following date of delivery. This time was taken as the most 
probable for use in the home. A total of 364 samples were 
analyzed — 237 quart cartons sold in retail stores and 127 
quart glass bottles sold on home delivery routes. 

This survey was made in the San Francisco — Oakland — 
Berkeley Bay Region from May 20 to September 21, 1943. Ten 
major delivery plants were represented, supplying approxi- 
mately 80% of tbe milk sold in this region. 

Table 1 gives the average values for each of the 10 plants. 
The variation in average total vitamin C among the plants was 
2.9 mg. to 10.0 mg. per liter. Most of this variation was in the 
reduced ascorbic acid content, which ranged from 0.8 mg. to 
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7.9 mg. per liter, dehydroaseorbic acid varying only from 1.7 
mg. to 3.5 mg. per liter. 

The reduced ascorbic acid content of all 364 samples aver- 
aged'3.4 mg. per liter, dehydroaseorbic acid 2.4 mg. per liter, 
and the sum of the two, or total vitamin C, 5.8 mg. per liter. 
Individual samples ranged from 0 to 14.3 mg. reduced ascorbic 
acid, 0 to 8.2 mg. dehydroaseorbic acid and 0 to 15.2 mg. total 
vitamin C per liter. 

TABLE 1 

Vitamin C content of commercial pasteurised milJc consumer samples of day 
following date of delivery. 


PLAKT 

NO. 

NO. OF 
SAMPIiFS 

TYPE OF 
CONTAINER 
(1 QUART) 

PLANT AVAKAUh VALUKS 

Reduced 

ascorbic 

acid 

Dehydro- 

ascorbic 

acid 

Total 

vitamin 

0 




rngjliter 

mg./hUr 

mg. /liter 

1 

29 

carton 

7.9 

2.1 

10.0 

2 

26 

carton 

4.2 

2.1 

6.3 

3 

24 

carton 

6.4 

1.9 

8.3 

4 

27 

carton 

4.8 

2.8 

7.6 

5 

24 

carton 

4.1 

3 3 

7.4 

6 

27 

carton 

1.2 

2.7 

3.9 

7 

23 

carton 

2.1 

1.7 

3.8 

8 

28 

carton 

1.0 

2.7 

3.7 

9 

29 

carton 

1.5 

2.2 

3.7 

10 

36 

bottle 

1.0 

1.9 

2.9 

1 

40 

bottle 

5.0 

2.6 

7.6 

2 

29 

bottle 

3.8 

2..3 

6.1 

8 

22 

bottle 

0.8 

3..-> 

4.3 

Total 

364 

Ave. 

3.4 

2.4 

5.8 


There is a very marked tendency for samples of milk with 
low reduced ascorbic acid content to contain relatively large 
amounts of dehydroaseorbic acid. Also samples low in de- 
hydroaseorbic acid tend to be high in reduced ascorbic acid. 
This is shown in figure 1, where the largest proportion of sam- 
ples fall in the lower ranges relative to reduced ascorbic 
acid and dehydroaseorbic acid, but total vitahiin C, the sum 
of reduced ascorbic acid and dehydroaseorbic acid, maintains 
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a fairly constant distribution up to and including the 8 to 10 
mg. interval. 

In order to further simulate conditions existing in the homes 
of milk consumers, a total of 110 samples — 44 bottles and 66 
cartons — were held another day in a household type of elec- 
tric refrigerator at approximately 10° C. and again analyzed 
for vitamin C. A loss of 30% total vitamin C resulted from 
this additional day’s holding. 



Fig. 1 Vitamin C distribution curves for 364 samples of market milk from 
consumers’ homes ami retail stores. 

Evaporated milk 

Samples of evaporated milk were purchased in retail stores 
located in San Francisco and Oakland during the months of 
April, 1943, January, 1944 and May, 1945. Twelve major 
brands were represented in a total of twenty-five samples 
analyzed. 

Table 2 shows that evaporated milk contains only small 
amounts of reduced ascorbic acid and little or no debydroascor- 
bic acid. Reduced ascorbic acid averaged 1.9 mg., dehydroascor- 
bic acid 0.1 mg., and total vitamin C 2.0 mg. per liter of recon- 
stituted evaporated milk. For individual samples the range in 
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TABLE 2 

Vitamin C content of commercial evaporated milk, reconstituted by diluting with 

equal part of water. 


BBAKD 

NO. OF 
SAMPLES 

ASCORBIC 

ACID 

D£HYDRO< 

ASCORBIC 

ACID 

TOTAL 
VITAMIN 0 

1 

3 

2.2 

mg J liter 

0.0 

2.2 

2 

1 

0.3 

0.0 

0.3 

3 

3 

2.9 

0.6 

3.5 

4 

3 

0.7 

0.3 

1.0 

5 

o 

0.8 

0.0 

0.8 

6 

3 

2.6 

0.2 

2.8 

7 

2 

0.4 

0.0 

0.4 

8 

1 

4.3 

0.0 

' 4.3 

9 

3 

0.5 

0.2 

0.7 

10 

1 

3.8 

0.0 

3.8 

11 

2 

0.5 

0.1 

0.6 

12 

1 

3.7 

0.3 

4.0 

Total 

2.*) 

Ave. 1.9 

0.1 

2.0 


reduced ascorbic acid was 0.0 mg. to 6.6 mg., dehydroascorbic 
acid 0.0 to 1.3 mg. and total vitamin C 0.0 to 6.9 mg. per liter. 

Pon dered whole milk 

A total of 2890 sami)]es of spray process powdered whole 
milk were analyzed for total vitamin C. The samples were not 
over a few days old and were obtained chiefly from three 
plants, although over 100 samples were obtained from a num- 
ber of other plants over the country. Also a total of 323 
samples were analyzed after storage at room temperature in 
one pound, air packed tins for 3 months, 651 samples after 6 
months’ storage, and 400 samples after 12 months’ storage. 
Each sample represents ])owdered whole milk dried from a 
separate batch of milk. 

The vitamin C in powdered whole milk is largely in the form 
of reduced ascorbic acid, little or no dehydroascorbic acid be- 
ing present. For this reason, and for convenience, the data 
have been expressed in terms of total vitamin C without refer- 
ence to relative proportions of the two forms. Values are 



168 


Af'BREY P. STEWART, JB, AND PAUL F. SHARP 


given in tenns of milligrams total vitamin C per 125 gm. 
powdered whole milk, or the amount required to make one 
liter of reconstituted whole milk. 

The mean average of the 2890 samples of fresh powdered 
whole milk for the period December, 1942, through May, 1945, 
was 12.5 mg. vitamin C per 125 gm. The value of 12.3 rag. per 
125 gm. was obtained by averaging the data by months. This 


shown by the data given in table 3. 

TABLE 3 

ntijwin C ^nvfrnt of fresh spray process powdered whole milk. 

M02TTH8 

NO. OP 

MEAN AVK. 
MO./ 3 25 GM 

Dec., Jan., Feb., 1942-1943 

128 

11.8 

Mar., Apr., May, 1943 

96 

10.9 

June, July, Aug., 1943 

237 

11.4 

Sept., Oct., Xov., 1943 

107 

12.9 

Dec., Jan., Feb., 1943-1944 

247 

12.0 

Mar., Apr., May, 1944 

211 

12.3 

June, July, Aug., 1944 

144 

13.2 

Sept., Oct., Xov., 1944 

no 

13.2 

Dee., Jan., Feb., 1944-194.5 

466 

12.8 

Mar., Apr., May, 1945 

1144 

12.8 

Total 

2890 

Ave. 12.3 


The combined data are presented in the form of a distri- 
bution curve by figure 2. The median value was 12.6 mg. vita- 
min C per 125 gm. powdered whole milk. Only 4 samples con- 
tained less than 5 mg. whereas 2726 (94.3%) contained over 10 
mg. per 125 gm. 

To study the effect of storage on the vitamin C content of 
powdered whole milk, samples were analyzed fresh and were 
air packed in either duplicate or triplicate in one pound tin 
cans and stored at room temperature (22°C.) for periods up 
to 12 months. Although in every case the same sample was 
analyzed fresh and also at the end of a certain storage period, 
in many instances the same sample was not analyzed at each 
of the three storage periods. The data are presented in table 4. 
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After storage for 3 months, the average loss in vitamin C 
was only 1.4 mg., after 6 months, the loss was 1.8 mg., and 
after 12 months the loss was 2.5 mg. Even smaller losses in 
vitamin C have been found in the case of samples which were 
nitrogen packed. 



Fig. 2 Vitamin C distribution curve for 2890 samples of fresh spray-process 
powdered whole milk. 


TABLE 4 

Effect of storage at room temperature air paclced^ on the vitamin C 

content of spray process powdered whole milk. 


PEBIOn OF MANUFACTUBS 


Qy VITAMIN 0 MG./126 QM. 

SAMPLES 3 jiQg Q 


Dec., 

1942-Feb., 1944 

323 

12.4 

Dec., 

1942-Sept., 

1944 

651 

12.4 

Dec., 

1942-March, 

1944 

400 

12.3 


9.8 
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Raw milk received at plants 

In order to conijiare values for raw milk with those obtained 
for market milk, evaporated milk and powdered whole milk, 
reduced ascorbic acid was determined in a number of samples 
taken from milk delivered to milk plants by various patrons. 
Dehydroascorbic acid was not determined, since it is so un- 
stable to pasteurization that it cannot be preserved under even 
the most ideal processing conditions. A total of 1050 samples 
were analyzed during five separate periods upon receipt at 
various plants. The average reduced ascorbic acid content for 
the five periods ranged from 16.1 mg. to 18.6 mg. with an over- 
all average of 17.1 mg. per liter. This is slightly less than the 
value of 18.9 mg. found previously by Sharp, Guthrie and Hand 
(’40). 

DISCUSSION 

Market milk from consumers’ homes and from retail stores 
averaged 3.4 mg. reduced ascorbic acid, 2.4 mg. dehydroas- 
corbic acid and 5.8 mg. total vitamin C per liter with 30% 
loss on holding another day. The value for reduced ascorbic 
acid is in good agreement with that of 2.9 mg. per liter found 
by Guthrie, Hand and Sharp (’38). 

Evaporated milk contained 1.9 mg. reduced ascorbic acid 
and 0.1 mg. dehydroascorbic acid per liter reconstituted. The 
value found for vitamin C in evaporated milk is lower than 
most of the results found in the literature. Our experience 
with the methods previously used has shown them to give 
slightly high results in some instances since interfering sub- 
stances were not entirely eliminated. 

The mean value for fresh spray process powdered whole 
milk was 12.5 total vitamin C per liter reconstituted (125 gm. 
powder). The median value for the same samples was 12.6 
mg. per liter. No extensive data could be found in the litera- 
ture with which to compare these values. • Woessner, Elveh- 
jem, and Schuette ( ’40) found 10.6 mg. total vitamin C in one 
sample of spray powdered whole milk, of which 9.4 mg. was 
in the form of reduced acid. Henry, Houston, Kon, and Os- 
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borne (’39) found 15.5 mg. total vitamin C per liter recon- 
stituted, which is probably too high since it includes 4.6 mg. 
dehydroascorbic acid obtained by a method tending to give 
high results. Other values reported in the literature, mostly 
on a few isolated samples are 16.9 mg. (Tomoi and Tomita, 
’37), 48 mg. (Jung, ’40), 8 to 16 mg. (Meulemans and de Haas, 
’38), 2.6 mg. (Hochberg et al., ’43) and 2.9 to 10.0 mg. (Ren- 
ner, ’36). 

The fact that fresh powdered whole milk averaged 12.5 mg. 
per liter vitamin C when reconstituted as compared with 5.8 
mg. for market milk and 2.0 mg. for evaporated milk, shows 
that the powdered whole milk is capable of contributing an 
appreciable amount of vitamin C to the diet. The stability of 
vitamin C in powdered whole milk, even on long storage makes 
this product a good carrier of the vitamin. 

SUMMARY 

1. A comprehensive survey has been made to determine 
the vitamin C content of dairy products produced and sold 
commercially. 

2. Pasteurized milk from consumers’ homes and retail 
stores in a metropolitan area averaged 5.8 mg. and reconsti- 
tuted evaporated milk from retail stores averaged 2.0 mg. total 
vitamin C per liter. 

3. Fresh powdered whole milk averaged 12.5 mg. total vit- 
amin C per liter reconstituted. Samples stored at room tem- 
perature, air packed, retained 88.7, 85.5 and 79.8% of their 
vitamin C content after 3, 6 and 12 months, respectively. 

4. Raw milk entering the manufacturing plants averaged 
17.1 mg. of reduced ascorbic acid per liter. 
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Tlie normal supply of animal jirotein has been insufficient 
to meet the demands for the ever increasing requirements for 
proteins of high nutritional value. Therefore several attempts 
have been made to supply this deficiency with proteins of 
vegetable origin. In general, however, such proteins are 
usually considered to have a biological value lower than those 
of animal origin. 

The fish supply offers a large reserve of available protein 
which according to the experiments of Holmes (’18) with 
human subjects has a high digestibility. These experiments 
were made with butterfish, Boston mackerel, grayfish and 
salmon. 

Unfortunately, only a relatively small proportion of the 
total available fish catch is at present used for human con- 
sumption in the form of fresh, dried or canned products. The 
balance which is transformed into fish meal or other by- 
products is lost for direct human nutrition. 

In order to provide a method whereby it would be possible 
to save the proteins present in the waste products, the pro- 
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teins were isolated from the easily perishable components 
and from the factors which make such by-products unpalat- 
able. The present experiments were carried out in order to 
evaluate the biological activity of the proteins isolated com- 
mercially from the edible fish by-products. 

The proteins of the three types of fishes most available 
commercially in Southern California waters, namely mackerel 
(Pneumatophorns jap. diego), sardine (Sardina coerulea), 
and tuna (Thunnus Thynnus and Sarda Chiliensis are the 
principal species), were tested for their biological value in 
growth experiments. In the case of mackerel protein, tests 
were also made using the Cannon procedure (’44). Further 
experiments on the nutritive value of mackerel protein are 
afforded by bioassays for vitamin A where this protein has 
been substituted for casein (Deuel, Hrubetz, Johnston, Roll- 
man and Ceiger, ’45). 


METHODS 

The fish proteins used were prepared from edible fish muscle 
by isoelectric precipitation followed by purification by means 
of organic solvent extraction. The mackerel and sardine pro- 
teins were uniform white powders of high purity while the 
tuna preparation had a brown color and from the analyses 
appeared to be less pure. All of the fish proteins were with- 
out flavor. The casein used in control experiments was vita- 
min-test casein obtained from General Biochemicals, Inc. An 
analysis on a technical grade of casein is also included for 
comparison. The average composition of these proteins is 
given in table 1. 

The amino acid composition of various types of fish has 
been reported earlier by numerous investigators and these 
data show the presence of all essential amino acids in desir- 
able concentrations (Clark and Clough, ’26; Bottinger and 
Baldwin, ’40; Beach, Munks and Robinson, ’43; Block and 
Bolling, ’45). Some of these data were confirmed in our labo- 
ratory. The total amino acid analyses will be reported in a 
later communication. 
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Growth experiments 

The growth experiments were performed on Sprague- 
Dawley rats. They were started at 21 days of age on the diets 
listed in table 2. 

In each of the five series of tests, twelve rats were used. 
The rats in each series were equally divided into two groups 
each consisting of three male and three female rats. One group 
in each series received the fish protein diet under investiga- 


TABLE 1 

A comparative analysis of casein and purified fish proteins. 



j CASIIN 

nSH PROTEINS 

OOHPONENT 

1 Commercial 

1 

Vitamin- 

test 

Mackerel 

1 1 

Sardine 

Tuna 


1 

% 

' % 

‘ % 

% 

Total N (Kjeldahl) 

1 13.75 

14.30 

14.31 

14.28 

13.05 

Protein (N X 6.25) 

! 86.0 

89.0 

89.5 

89.3 

1 81.6 

1 

Water 

7.0 

(6.8) 

4.1 

i 

7.0 

1 

6.2 

6.6 

I 

Ash 

2.2 

(1.5-3.0) 

1.9 

0.8* 

(0.5-1.0) 

0.8* 

(0.5~1.0) 

0.8* 

(0.5-1.0) 

Fat (Ether-extractable) 

1 

1.5 

(1.0-2.0) 

0.3 

1 

0.5* 

0.5* 

1 

0.5* 

1 

Undetermined 

! 3.3 

4.3 i 

2.2 

3.2 1 

1 10.5 


^ Approximate values. 


tion while the second control group received the same level 
of casein. Litter mat§s were distributed equally between the 
two groups. Animals were fed ad libitum and in two groups 
the food consumption was determined. 

Methods used in hypoproteinemia experiments 

In general the procedures were similar to those outlined by 
Cannon et al. (’44). Large adult male rats from our stock 
colony weighing approximately 300 gm. at the start were 
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placed on the low protein diet employed by Cannon and con- 
tinued on it for 95 days. They were then divided into three 
groups so that the average per cent of the original weight 
lost was identical in the three groups (43.8, 42.7 and 42.2%). 
Group I continued on the basal diet. In the diet for group II, 
9% of the starch was replaced with casein and in group III 
9% of the starch was replaced with the mackerel protein. At 


TABLE 2 

Composition of experimental diets. 


DIETAEY 

COMPONENTS 

SERIES 1 

SERIES 2 

SERIES 3 

SERIES 4 

SERIES 5 

Diet 

A 

Diet 

B 

Diet I Diet 
0 1 D 

Diet 

0 

Diet 

E 

Diet 1 
P 1 

Diet 

G 

Diet 

H 

Dtet 

1 I 

("asciii 

Mackerel protein 

Sardine protein 

Tuna protein 

' 9 

1 

j 

9 

i 

1 12 

i 

1 

12 

12 

to 

n, 

15 

' 21 

' 21 

Sucrose 1 

i 74 

74 

71 J 

71 

71 

' 71 i 

oc 

68 

62 

62 

Rice bran concentrate * ' 

8 

8 

8 

8 

8 

i 8 : 

8 1 

8 

8 

8 

Cottonseed oil 

4 

4 

4 

4 

4 

* 4 , 

4 1 

4 

4 

: 4 

Salt mixture * 

4 

4 1 

4 

.4 

4 

: 4 i 

4 

4 

4 

' 4 

Fish-liver oil* 

1 

\ 

! ' i 

1 

1 

; 1 ; 

1 1 

1 

1 

1 


To each 100 gm. of the different diets the following were added : riboflavin 1.5 
mg., calcium pantothenate 3.0 mg., and. chlorine chloride 50 mg. 

‘ Supplied by the National Oil Products Co. 

“ U.S.P. XII no. 2. 

^ Contains 2000 I.U. vitamin A and 400 I.TJ. vitamin D per gram. 


the end of 7 or 8 days, the rats were anesthetized with amytal, 
and a sample of approximately 0.1 ml. of blood was obtained 
from the tail. Plasma volume was then determined using 
Evans blue by the method as applied by Hechter (’45) using 
an interval for removal of the blood 5 minutes after the in- 
jection of the dye. Plasma protein was determined by the 
method of Mehl ( ’45) using a Klett-Summerson photoelectric 
colorimeter with a 540 filter and a conversion factor, of 1400. 
Hemoglobin was estimated by the usual acid-hematin method 
on the Klett-Summerson colorimeter with a 420 filter. 
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RESULTS 

The comparative results of the growth experiments where 
casein or fish protein was used are indicated in figures 1 and 2. 

It is evident from these figures that in all cases better 
growth was obtained on the diets containing the fish proteins 
than on the diets containing the corresponding level of casein. 
It is especially striking that a greater growth rate should oc- 
cur in the rat receiving the mackerel protein diet than in the 
casein rats when the proteins were fed at a level of 21%. It is 



DAYS ON DIETS 

Fig. 1 The body weight of rats at various periods following weaning on casein 
or fish protein diets fed ad libitum. Tuna protein vras used at 9% (diet B) in the 
experiments in the top graph, and at 12% (diet E) in those of the middle graph. 
Sardine protein (diet G) at 15% was the dsh protein used in the lowest graph. 
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usually regarded that casein when fed at 18% affords an opti- 
mum growth. 

The higher nutritive value of the tuna protein is suggested 
also by the fact that the total food consumed to give 1 gm. 
weight increase is much lower than for casein. In the rats re- 
ceiving 9% of the tuna protein in the diet, an average of 157.6 
gm. of food was consumed over the 24-day period and the 
average weight increase was 30.5 gm. The average ratio of 
food consumed to gain in weight was 5.2 (6.11, 5.88, 5.29, 5.14, 
4.87, 4.35). In contrast to these values an average of 114.9 



Fig. 2 The body weights of rats at various periods following weaning on casein 
or mackerel protein diets fed ad libitum. Diets C and D were used in the experi- 
ments given in the upper graph ; diets H and I were used in the tests reported in 
the lower graph. 
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grn. of food were consumed in the control casein tests and the 
average gain in weight over the whole period was 8.0 gm. The 
mean ratio of food consumed to gain in weight was 14.3 (109.4, 
28.1, 15.8, 11.8, 8.74, 8.20). It might be expected that at a 
higher protein level, the difference in the ratio would be less 
pronounced. In the experiments with 12% of protein in the 
food, the average ratio for the animals fed mackerel protein 
was 4.0 (4.11, 4.0, 4.0, 4.0, 3.97, 3.69) while that of the casein- 
fed rats was 4.8 (5.5, 5.1, 4.8, 4.4, 4.4. 4.4). 

That the differences in growth in series 1 are significant is 
indicated by the fact that the maximum weight of any casein 
rat in all determinations after the tenth day is less than the 
average for the fish protein group for the corresponding 
period. 

The data on the experiments on hypoproteinemic rats are 
summarized in table 3 which follows. 

The weight increase after the casein diet was 20.2 gm. over 
what would have been expected had the rats continued on the 
basal diet, while the rise in weight of the rats receiving the 
mackerel protein on a similar basis amounted to 28.8 gm. The 
total protein oaten during the supplement period was highest 
with the fish proteins rats (9.71 gm.) and slightly lower with 
the animals receiving the casein diet (8.14 gin.) as compared 
with a protein intake of 1.24 gm. for the rats consuming the 
basal diet. 

Hemoglobin showed a rise from the subnormal value in the 
control rats of 8.37%' to 9.83 in the casein group and 10.42 in 
the mackerel protein group. On the other hand, the two pro- 
teins were equally effective in producing improvement in the 
serum-protein concentration. The increase from the marked 
hypoproteinemia of 3.02% (based on whole blood) to 3.70 and 
3.66% for the casein and fish protein groups is highly signifi- 
cant from a statistical standpoint and indicates that a marked 
progress toward a return to a normal level had already oc- 
curred in 7 days. 

The total plasma volumes were quite similar in the three 
groups. When based on the quantity per 100 gm. of body 
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weight, the mean was highest in the basal control group (6.25), 
intermediate in the fish protein group (5.21) and lowest in 
the casein rats (4.59). The fact that the discrepancies become 
small when based on the total plasma volume without refer- 
ence to body weight would indicate that the rapid variations 
in weight occurring during the supplement period were not 
accompanied by similar rapid adjustments in plasma volume. 

Although no values of plasma volume are reported on con- 
trol rats on a diet containing an adequate protein level 
throughout the depletion period, they are quite similar to 
those obtained with normal rats of our stock colony by Hechter 
(’45). Moreover, no alterations in value are evident when 
protein is administered for a week. On the other hand, Met- 
coff. Favour and Stare (’45) have indicated a significant de- 
crease in plasma and blood volumes in acute protein deficiency. 

DISCUSSION 

All the experimental evidence is in agreement that the 
mixed mackerel muscle proteins have a considerably higher 
biological value than casein. Tuna proteins when fed at 9 and 
12% and sardine proteins at 15% also gave considerably 
more rapid growth in weanling rats than diets containing 
similar amounts of casein. One should probably expect such 
a superiority for a mixed protein over a homogenous protein 
as casein as the deficiencies of one protein may to a consider- 
able extent be supplemented by the other proteins. 

The evaluation of biological activity by the Cannon method 
may well prove to be a more quantitative procedure than the 
usual growth method. It would appear to the authors that 
the factor for comparison should not be the weight increase 
over the 7-day period but rather this value plus the weight 
deficit of the control unsupplemented rats during the same 
interval. 

The ratio of biological activity of fish protein to casein 
based on weight increases of the hypoproteinemic rats over a 
7-day period would be on the first basis 1.55 (24.1 : 15.5) while 
by the second method it would be 1.43 (28.8: 20.2). 
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On the basis of hemoglobin increase, it would also appear 
that the mackerel protein was somewhat superior to casein. 
The hemoglobin in the control group (8.37%) indicates that 
the prolonged protein-low diet had resulted in a severe anemia. 
This level was increased to 9.83 in the rats which received 
casein and to 10.42% for those animals which received the 
fish protein diet. Although the hemoglobin averaged consider- 
ably higher in the fish protein series than in the casein group, 
the differences are not significant from a statistical stand- 
point because of the relatively high variability in the indi- 
vidual experiments. 

The plasma protein figure for the control rats is distinctly 
subnormal. Casein and mackerel protein were both equally 
effective in causing an increase in this value, the averages 
after the supplement period being 3.70 and 3.66%, respectively. 

The fact that mackerel protein may be superior to casein in 
hemoglobin formation while it shows no superiority in causing 
the regeneration of the serum proteins may be explained in 
several ways. Either its amino acid makeup favors hemo- 
globin synthesis or as Whipple (’42) suggests, hemoglobin 
regeneration has a priority over the formation of plasma pro- 
tein even though the amino acid distribution may be less suited 
to the former. Further comparative tests on rats in which 
each of these factors is varied separately should answer 
this question. It would also be of considerable interest to 
compare the biological efficiency of the single proteins mak- 
ing up the mixtures of the fish proteins used here. 

SUMMABY 

The mixed proteins of mackerel, sardine and tuna muscle 
were shown to afford superior growth to casein in weanling 
rats when fed at levels which give suboptimal growth with 
casein. 

The superiority of mackerel protein is further attested by 
the fact that it causes greater recovery in weight and a more 
pronounced stimulation in hemoglobin regeneration than 
casein in rats rendered hypoproteinemic and tested by the 



NUTRITIVE VALUE OF FISH PROTEINS 


185 


method of Cannon. Mackerel protein proved to have a potency 
equal to casein in causing a regeneration of plasma protein, 
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Casein has usually been the protein of choice which is incor- 
porated in the diets used in the bioassay tests to determine 
vitamin A. In fact, it is prescribed in the U.S.P. diet to be 
used for vitamin A assay. This is presumably because of its 
ready availability and the ease with which it may be rendered 
vitamin A-free. Moreover, it is a protein which possesses a 
high nutritive value when fed at a level of 18% in the diet. 

Although it is well known that growth cannot be brought 
about when any single essential component of the diet is ab- 
sent, the present experiments afford an opportunity to deter- 
mine the effect of a protein other than casein when fed as a con- 
stituent of a diet limited in vitamin A. The protein used in 
these experiments was mackerel protein which possesses a 
biological activity considerably in excess of casein (Deuel 
et ah, ’45). Moreover, by its method of preparation it would 
be expected to be free of vitamin A and this was also indicated 
by spectrophotometric analysis. Likewise, it is a protein po- 
tentially available in unlimited amounts. 

METHODS AND RESULTS 

The bioassay tests were carried out by the U.S.P. XII 
method except that the basal diet in one group was modified by 
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the substitution of mackerel protein for casein. In series II 
where the protein was in some cases reduced to 9%, it was 
replaced by the addition of a corresponding amount of starch. 
In series III rats were started on the bioassays as soon as 
they were sufficiently depleted when the average length of 
depletion period was about 17 days instead of 20 days pre- 
scribed as the minimum in the U.S.P. method. 

Three series of tests were made on 222 rats. Series I and II 
were conducted on rats from the U.S.C. colony and series III 
with animals of the Sprague-Dawley strain. In series II, the 
animals were started on the respective diets at weaning while 
in the other tests, the experimental diets were employed only 
during the assay period. The vitamin A supplements were 
made -from U.S.P. Reference cod-liver oil. They were made 
up in cottonseed oil with 5 mg. of alpha tocopherol added per 
milliliter. A total of 0.1 ml. of the supplements was adminis- 
tered daily. The negative controls in each series were given 
0.1 ml. of the cottonseed oil-tocopherol mixture daily. Litter 
mates were distributed between the various groups. Animals 
were considered sufficiently depleted to start on the assay 
period when their weight was stationary for 5 days or after 
a shorter period if a marked drop in weight (more than 6 gm.) 
occurred. Food was given ad libitum. The amount of the 
food consumption was determined in the second series. The 
results of the tests are summarized in table 1. 

DISCUSSION 

A commercial mackerel protein, prepared by isoelectric 
precipitation followed by purification by solvent extraction, 
would appear to be perfectly adequate for use in the bioassay 
test for vitamin A in place of casein. In the first place, it is 
extremely low in vitamin A so that depletion occurs when it is 
fed from weaning in a similar period to casein (16.7 days for 
the fish protein compared with 17.6 days for the control casein 
rats in our tests). Also, in all cases as large a proportion of 
the negative controls died during the tests with the fish protein 



TABLE 1 

The effect of different dietary proteins on the growth of rats receiving given amounts of vitamin 
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as with the casein and the average day of death for the de- 
cedents was slightly less than for casein. 

The extent of growth during the 28-day bioassay period 
when vitamin A was given was significantly greater with the 
mackerel protein in the experiments where Sprague-Dawley 
rats were employed. The growth of such rats receiving the 
fish protein exceeded that of the rats on the standard casein 
diet by 43 and 31% where vitamin A was administered at 
levels of 1.2 and 3.5 I.U., respectively. On the other hand, with 
the U.S.C. strain the differences in growth on the two proteins 
were not significant although in each case the increase in 
weight with the group receiving the mackerel protein some- 
what exceeds that of those receiving casein. When 1% of 
cystine was added to the diet containing 9% casein (Mendel, 
*15), the growth was slightly though not significantly increased 
over that obtained where this amino acid was omitted. 
This addition had no effect on the survival time or on the pro- 
portion of rats which died in the negative control group where 
no vitamin A was administered. The increased growth response 
of the mackerel protein over casein obtained with series 
III is supported by the results of the earlier experiments w-liere 
a more pronounced growth was shown to obtain with mackerel 
protein even when the proteins were fed in a complete diet 
at a level of 21% to weanling rats (Deuel et al., ’45). 

These experiments are of interest in relation to the recent 
report of Dye, Bateman and Porter (’45) who were unable 
to demonstrate any increased growth response to vitamin A 
when casein was fed at levels of 9, 18 and 36%. However, 
these experiments are not directly comparable to ours inas- 
much as paired feeding was employed while in the present 
tests the animals were fed ad libitum. It is also true that 
although greater growth might occur on the higher protein 
level when the net caloric intake is identical with that on the 
lower level of protein, such results can only be attained when 
the food consumption is increased sufficiently with the high 
protein diets to compensate for the larger loss due to the 
specific dynamic action of the protein. It would appear if an 



NUTEITIVB VALUE OF FISH PEOTEINS 


191 


identical growth occurs on isocaloric diets with low and high 
protein that a greater efficiency characterizes the latter case. 
A smaller net balance of calories is available in the latter case 
after that required for basal metabolism and specific dynamic 
action has been deducted from the total. 

It is evident that not only the caloric intake (Muelder and 
Kelly, ’41) but also the quality of the protein may influence 
the growth response to given amounts of vitamin A. If limited 
quantities of food are taken as may be the case on diets where 
minimum amounts of vitamhi A are available, there is less 
chance that a protein deficiency migh occur when a protein of 
higher biological value than casein is employed. In addition, 
other growth factors are involved inasmuch as it has been 
shown that the amount of growth hormone available will in- 
fluence such a growth i-esponse (Ershoff and Deuel, ’45) when 
administered with limited amounts of vitamin A. 

SUMMAEY 

A commercially prepared mackerel protein powder has been 
shown to be a satisfactory protein to use in bioassay experi- 
ments for the determination of vitamin A. 

This protein contained no detectable quantity of vitamin A 
as indicated by the fact that the average number of rats in 
the control groups surviving the 28-day test period as well 
as the average survival period of the decedents compare fav- 
orably with the casein tests. 

When uniform doses of vitamin A were administered daily, 
greater growth was obtained in rats receiving the fish protein 
diet than in litter mates which were fed the corresponding 
casein diet. The differences were statistically significant in 
the Sprague-Dawley rats but not in those of the U.S.C. strain. 
This would indicate that greater growth may result with 
limited amounts of vitamin A when a protein of higher nutri- 
tive value than casein is employed. 
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THE AVAILABILITY OF WHEAT BEAN 
PHOSPHORUS FOE THE RAT ^ 


B. K. BOUTWELL, R. P, GEYER, A. W. HALVERSON AND E. B. HART 
Department of Biochemistry j College of Agriculture, 

University of Wisconsin, Madison 

(R^eived for publication September 24, 1945) 

Patten and Hart ( ’04) showed that practically all of the 
phosphorus of wheat bran is in the form of salts of phytic 
acid. Hart, McCollum and Fuller (’09) demonstrated that 
wheat bran could serve as the main source of available phos- 
phorus for the' skeletal development of young swine. Pigs on 
a low phosphorus basal ration supplemented with wheat 
bran produced thigh bones with an ash content of 53 to 54%, 
while those receiving precipitated calcium phosphate as the 
phosphorus supplement, and at the same phosphorus level, 
producd thigh bones with an ash content of 46 to 55%. On 
the basal ration the ash content was 31 to 33%. Approximately 
81% of the total phosphorus of the bran ration was phytic 
acid phosphorus. The pigs had access to sunlight. 

Hart and coworkers (’27) observed that cattle in a phos- 
phorus deficient area of Wisconsin were completely pro- 
tected from rickets by the addition to the ration of either 
wheat bran or bone meal. Both products served to contribute 
phosphorus to the ration. These animals also had access to 
direct sunlight during the experimental period. 

All of the above studies pointed toward the availability of 
the phytic acid phosphorus of wheat bran for swine and cattle, 

^Published with the approval of the Director of the Wisconsin Agricultural 
Experiment Station. We are indebted to Dr. Carl Lindow of the W. K. Kellogg 
Company, Battle Creek, Michigan, for a generous supply of Kellogg ^s All-Bran; 
to Merck and Company, Rahway, N. J., for the synthetic B vitamins; and to 
Wilson Laboratories, Chicago, for the liver concentrate. 
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at least where this product was fed under practical conditions 
with sunlight available. Since these observations were made, 
there has accumulated definite evidence that in the absence 
of vitamin D, the phosphorus of isolated phytic acid is poorly 
available to the rat (Krieger, Bunkfeldt, and Steenbock, ’40). 
However, it was also shown by Krieger and coworkers ( ’40, 
’41) that in the presence of vitamin D there is a marked im- 
provement in the utilization of isolated phytic acid phos- 
phorus. In studies with chicks, Lowe, Steenbock and Krieger 
(’39) and McGinnis, Norris, and Heuser (’44) showed that the 
phosphorus of cereals and legumes was poorly available in the 
absence of vitamin D, and the latter group found phytin-phos- 
phorus nearly as available as inorganic phosphorus in the 
presence of 160 A.O.A.C. units of vitamin D per 100 gm. of 
diet. 

McCance and Widdowson (’35) have pointed out that be- 
cause approximately 40 to 70% of the phosphorus of cereal 
grains is in the form of phytic acid, cereals and cereal prod- 
ucts are a poor source of available phosphorus for man. From 
their experiments with human subjects they concluded that 
when cereals constitute the largest part of the diet, the low 
availability of phytin phosphorus can become a serious 
matter. 

It has been suggested by Hart et al. ( ’09), Lowe and Steen- 
bock (’36), and Singsen and Mitchell (’44) that ingestion 
of the enzyme phytase with the food may be necessary for the 
efficient utilization of phytin phosphorus. Thus the observa- 
tion of Krieger, Bunkfeldt and Steenbock (’40) that the 
phosphorus of isolated phytic acid fed in a purified diet is of 
poor availability might be explained by a lack of dietary source 
of phytase. Likewise, the low availability of the phosphorus 
of cereals observed by Bruce and Callow (’34) for rats and 
by McCance and Widdowson (’35) in man might be similarly 
related to an inadequate dietary source of phytase since cooked 
cereals were used in part. Singsen and Mitchell ( ’44) found 
that the efficiency of the chick in utilizing the phvtin phos- 
phorus of soybean meal was satisfactorj’^ when field cured alf- 
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alfa meal was included in the ration as a source of phytase. 
Dehydrated alfalfa meal was not effective, presumably be- 
cause the phytase had been destroyed during processing. How- 
ever, the validity of this interpretation is open to question 
since the field cured alfalfa hay supplied extra vitamin D 
as well as phytase. A feeding oil furnished vitamin D at a 
level calculated to be 100 A.O.A.C. units per 100 gm. of ration, 
which may have been inadequate. Spitzer and Phillips 
(’45a, b) concluded that a dietary source of phytase was not 
essential for the utilization of the phytin phosphorus of soy- 
bean meal by the rat. 

With these facts in mind, two experiments were made with 
rats to study the effect of dietary phytase and vitamin D on 
the availability of the phosphorus of wheat bran. 

EXPERIMENTAL 

The basal ration was similar to the low phosphorus diet 
developed by Schneider and Steenbock ( ’39) and had the 
following composition: cerelose (glucose monohydrate) 50, 
dextrin 20, fibrin “ 20, phosphorus-free salts 4, cottonseed oil 
(plus 100 Mg- (3-carotene per gram) 5, and 1 to 20 liver concen- 
trate 1. Water soluble vitamins were incorporated in the ra- 
tion so that every 100 gm. of ration contained 0.5 mg. thia- 
mine, 0.5 mg. riboflavin, 0.6 mg. niacin, 0.6 mg. pyridoxine, 

5.0 mg. calcium pantothenate, 30.0 mg. p-aminobenzoic acid, 

100.0 mg. inositol, and 250.0 mg. choline. 

The phosphorus-free salts were prepared by substituting 
calcium lactate and an equimolecular mixture of KCl and 
KHCOa for the CaHPO* and K^HPO^ of salts IV (Hegsted, 
Mills, Elvehjem and Hart, ’41). The substitutions were equi- 
molecular with respect to Ca and K. 

The raw wheat bran as well as the commercial bran cereal * 
contained from 1.39 to 1.40 gm. of phosphorus * per 100 gm. 

* The use of Abriu in low P rations was suggested by Jones ( *38). 

> Kellogg *8 All-Bran. 

* Phosphorus determinations were made by the method of Fiske and Subbarow 
(*25). Measurements were made in the Evelyn colorimeter. 



196 


B. K. BOTJTWBIjL and OTHBES 


and was incorporated in the phosphorus-free basal ration in 
place of cerelose at a level of 20% to furnish 0.28 gm. of phos- 
phorus per 100 gm. of ration. This made the test diets 
identical in phosphorus content with a control ration in which 
4% of salts IV were substituted for the phosphorus-free salts. 
A low phosphorus control ration was made by replacing the 
test bran with a washed, phosphorus-free bran. In this way, an 
approximate equivalence in fiber was maintained. The washed 
bran was prepared by incubating raw wheat bran witli water 
at 37 °C. for 24 hours to allow the phytase to liberate inorganic 
phosphorus. After filtering, washing and drying, the washed 
bran contained 0.02% of phosphorus. Consequently it con- 
tributed 0.004 gm. of phosphorus per 100 gm. of ration at the 
20% level. The fibrin contributed approximately 0.02 gm. of 
phosphorus per 100 gm. of ration. 

All of the rations contained 0.60% of calcium. The 4% of 
salts IV as well as the phosphorus-free salts contributed 0.59 
gm. of calcium to each 100 gm. of ration and the bran added 
0.01 gm. A calcium to phosphorus ratio of 2 existed in all 
experimental diets. 

Male albino rats of the Sprague-Dawley strain 32 days of 
age were divided into groups of 4 with an average weight of 
68 gm. Each rat was housed in an individual raised bottom 
cage. The daily allotment of food was equalized for all rats 
except those fed the phosphorus-free ration. After 4 weeks 
the femurs of each animal were removed and the ash of 
individual bones was determined by the official A.O.A.C. pro- 
cedure for the rat. 

In the first experiment the effect of vitamin D on the util- 
ization of the phosphorus of the phytic acid of wheat bran was 
determined. A prepared bran cereal, Kellogg’s All-bran, was 
chosen for the test because it represents a commercial product 
high in phytic acid with no phytase activity.- 

The following rations were fed to groups of four rats : 

Group 1. Low phosphorus control, no vitamin D, washed 
bran, phosphorus-free salts. 
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Group 2. Inorganic phosphorus control, 250 I.U. of vita- 
min D ® per rat each week, salts IV, washed bran. 

Group 3. Test bran without vitamin D, phosphorus-free 
salts. 

Group 4. Test bran plus 70 I.U. of vitamin D ® per 100 gm. 
of ration, phosphorus-free salts. 

Group 5. Test bran plus 140 I.U. of vitamin D “ per 100 
gm. of ration, phosphorus-free salts. 

Group 6. Test bran plus 210 I.U. of vitamin D ® per 100 
gm. of ration, phosphorus-free salts. 

Group 7. Test bran plus 280 I.U. of vitamin D ® per 100 
gm. of ration, phosphorus-free salts. 

The second experiment was designed to study the effect 
of a dietary source of the phosphate liberating enzyme, phy- 
tase, on the utilization of phytic acid in wheat bran. The 
sample of raw wheat bran (also used in the first experiment 
for the preparation of the washed bran) was found to contain 
an acid phosphatase. A portion of the bran was autoclaved at 
15 pounds pressure for 1 hour to destroy enzyme activity. 
Rations were made from these two samples of bran similar in 
composition and phosphorus content to those fed in the first 
experiment. The plan of the test was as follows (a third con- 
trol ration, group 2, was included in this experiment) : 

Group 1. Low phosphorus control, no vitamin D, phos- 
phorus-free salts, washed bran. 

Group 2. Inorganic phosphorus control, no vitamin D, salts 
IV, washed bran. 

Group 3. Inorganic phosphorus control, 250 I.U. vitamin 
D per rat each week,® salts IV, washed bran (repetition of 
group 2 in experiment 1 ). 

Group 4. Raw wheat bran, no vitamin D, phosphorus-free 
salts. 

Group 5. Raw wheat bran with 250 I.U. of vitamin D per 
rat each week,® phosphorus-free salts. 

‘‘Drisdol. Winthrop Chemical Co. Irradiated ergosterol in propylein* glycol. 
This supplement was given by pipette. 

•Irradiated ergosterol was incorporated in the ration. 
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G-roup 6. Autoclaved wheat bran, no vitamin D, phos- 
phorus-free salts. 

Group 7. Autoclaved wheat bran plus 250 I.U. of vitamin 
D per rat each week,® phosphorus-free salts. 

The determination of phytase activity was made according 
to the method of Spitzer and Phillips ( ’45b). A 50-mg. sample 
of raw wheat bran liberated 110 (jg. of inorganic phosphorus 
when incubated for 2 hours with a sodium phytase substrate 
containing 230 |ig. of phosphorus. This value was corrected 
for the inorganic phosphorus present at zero time and for 
the phosphorus liberated during the 2 hours from substrates 
carried in the enzyme preparation. A 200-mg. sample of either 
the autoclaved bran or the commercial bran cereal showed no 
phytase activity. 


RESULTS 

The growth data together with the per cent of ash of the 
femurs are given in tables 1 and 2. The rats on the low phos- 
phorus control diet grew slowly and reached a maximum 


TABLE 1 

Brcord of growth and hone ash in the first experiment. 


Source op Phosphorus 

NONE 

! IN- 

ORGANIC , 


COMMERCIAL BRAN CEREAL 


Vitamin D/lOO om. 
Ration 

None 

Excess ; 

None 

70 I.U. 

i 140 I.U. 

210 I U. 

j 280 I U. 

Group Number 

1 

1 ' 2 'i 

3 

4 

' 5 

1 ^ 

7 

Average initial weight 
Average final 

69 

1 68 1 

1 

70 

66 

67 

' 67 

67 

(4 wks.) weight 

110 

156 ; 

154 

153 

1 162 

! 150 

149 

Average bone ash 

24.7 , 

57.4 

36.4 

46.3 

i 50.6 

! 49.2 

1 48.3 

Mean deviation 

1.1 

0,57 ; 

1.7 

1.5 

' 1.3 

1.1 

! 


weight between the third and fourth week when weight losses 
became evident. Food consumption dropped to about 6 gm. 
per rat per day during the fourth week. Those rats fed ra- 
tions containing phosphorus grew 20 to 25 gm. a week and 
consumed up to 16 gm. of ration a day by the end of the ex- 
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periment. The food allotment was limited in both studies to 
the amount eaten by the rats fed the raw bran ration without 
vitamin D. 

In the first experiment a bone ash of 24.7% was found for 
animals fed the phosphorus-free ration. The addition of 
0.28% of inorganic phosphorus and adequate vitamin D to 
this ration allowed development of bones of 57.4% ash. These 
findings were repeated in the second experiment, and in addi- 
tion it was found that even in the absence of vitamin D, rats 
fed this ration developed femurs of 54.4% ash content. How- 
ever, when the 0.28% of phosphorus was contributed to the 


TABLE 2 

Record of growth and hone ash in the second experiment. 


SoxmoE OF Phosphorus 

1 NONE 

INOROANtO 

RAW BRAN 

1 COOKRU BRAN 

Vitamin D 

j None 1 

None 

! Exce‘58 j 

None 

1 Excess 

1 1 

j None 

Excess 

O&OHP Nttmbkr 

1 

2 

i ^ 

4 

5 

6 

7 

Average initial weight 
Average final 

68 ' 

i 

69 

68 ; 

68 

' 69 j 

1 

68 

i 

68 

(4 wks.) weight 

110 I 

369 

176 

163 

165 

166 

165 

Average bone ash 

21.4 

54.4 

56.7 

32.0 

48.8 

38.9 

1 50.4 

Mean deviation 

0.90 

I..*) 

1.0 

1.2 

1 1.7 

3.3 

1.0 


I 


ration by the commercial bran without added vitamin D, a 
bone ash of 36.4% resulted. Thi.s value was increased to about 
50% by the addition of vitamin D to the ration. 

In the presence of vitamin D, both the autoclaved and the 
raw wheat bran gave a bone ash picture similar to that ob- 
tained with the commercial bran. In the absence of vitamin D, 
the bone ash of rats fed raw bran was 32.0% ; values of 38.9 
and 36.4% resulted from the same bran cooked and the com- 
mercial bran cereal. 


DISCUSSION 

The presence or absence of the enzyme phytase in the diet 
had no apparent effect on the availability of phytin phos- 
phorus. In fact, the bone ash values of the rats fed the raw 
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bran supplement, which contained phytase, were not as great 
as those of the rats receiving inactivated bran. This indicates 
a partial hydrolysis of phytin during cooking. It is probable 
that the phosphorus splitting enzymes elaborated by the in- 
testinal mucosa (Spitzer and Phillips, ’45b) and by the flora 
of the gastro-intestinal tract are the critical means by which 
phytin is hydrolyzed in the intestine of the rat. 

The absolute amounts of calcium and phosphorus in these 
rations were adequate (Nicolaysen, ’37) and a calcium to 
phosphorus ratio of 2 was maintained. Since about 85% 
of the phosphorus in these diets was in the form of phytin 
(Patten and Hart, ’04), the importance of vitamin D is clearly 
demonstrated. The bone ash values of the rats receiving phytin 
phosphorus and adequate vitamin D were only 4 to 7% lower 
than those of the rats receiving the inorganic phosphorus 
supplement. The low availability of the phytin phosphorus 
of cereals has been overemphasized in the literature. As a 
result it is often not realized that satisfactory bone develop- 
ment is possible with diets carrying only a normal amount of 
phosphorus mainly in the form of phytin. 

These data support the results of Krieger et al. ( ’40) who 
found that vitamin D aided in the utilization of the phosphorus 
of isolated phytic acid by the rat, and of McGinnis et al. ( ’44) 
who showed the importance of vitamin D for the utilization 
of phosphorus in cereals and legumes by the chick. Further, 
it appears from our data that there may a direct relationship 
between the level of phytic acid phosphorus in the ration 
and the vitamin D requirement. 

SUMMARY 

1. A study of the availability of phytin phosphorus was 
made with the rat using diets of normal calcium and phos- 
phorus levels. About 85% of the dietary phosphorus was in 
the form of phytic acid and its salts, as carried by wheat 
bran. 

2. In the absence of vitamin D, the phytin phosphorus of 
wheat bran was poorly utilized. An adequate intake of this 
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vitamin increased the utilization nearly to that of inorganic 
phosphorus as measured by bone ash, 

3. The presence or absence of phosphorus splitting en- 
zymes in the diets did not alter the apparent availability of 
phytin phosphorus. 

NOTE 

After this paper was prepared for The Journal of Nutrition 
an article by Singsen and Mitchell appeared (Poultry Sci., vol. 
24, p. 479, 1945) in which is found confirmation of the idea 
that the availability of phytin phosphorus is related to the 
amount of vitamin D in the ration. 
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RELATION OF FAT TO ECONOMY OF FOOD 
UTILIZATION 

I. BY THE GROWING ALBINO RAT * 


E. B. FORBES, E. W. SWIFT, R. F. ELLIOTT ANI> W. H. JAMES 
Institute of Animal Nutrition, The Pennsylvania State College, State College 

(Beceived for publication September 17, 1945) 


Fat, as a dietary component, is characterized by several 
unique capacities. In addition to being the nutrient of maxi- 
mum energy value it confers palatability and “staying qual- 
ity” to diets. It serves important purposes as a carrier of 
vitamins A, D and E, and provides the apparently essential 
linoleic or linolenic acids. It contributes to the composition 
of tissue lipids; it insulates, supports and cushions vital or- 
gans; as a nutritive reserve it insures the availability of 
energy as needed; and it diminishes the energy expense ol* 
utilization of the nutrients with which it is associated. 

In spite of the existing knowledge of these functions of 
the fats, however, the student of nutrition has still to deal 
with a popular understanding that, for practical purposes, 
fat and carbohydrate may be regarded as interchangeable in 
accord with their metabolizable energy values, fat therefore 
being approximately 2.25 times as potent as carbohydrate for 
the same purposes. 

During recent years a volume of evidence has accumulated 
as to the utilization of fats and carbohydrates, individually 
and in combination with other nutrients, and especially as 
affected by associated vitamins, which emphasizes the compli- 
cation of conditions which determine the relative values of 

‘Authorized for publication on September 12, 1945, as paper no. 1287 in the 
Journal Series of the Pennsylvania Agricultural Experiment Station. 
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these nutrients, and warrants the conception of the facts 
in this matter as determined, in large part at least, by the 
relative extent to which the requirements of fat and of carbo- 
hydrate utilization are satisfied by any nutritive ensemble 
in question. 

It thus becomes clear that the only logical background for 
the determination of the interrelations of fats and carbohy- 
drates in nutrition is one which affords optimum conditions 
for the utilization of each. 

However, it is still necessary, for purposes of guidance in 
nutritional affairs, to observe the facts in this matter as they 
are encountered under conditions of dietary practice. 

Forbes and Swift (’44) recently demonstrated that fat 
decreases the energy expense of utilization of the food protein 
and carbohydrate with which it is combined. This paper and 
the following now’ report the results of two further studies 
of the functions of fat, one with growing and the other with 
mature albino rats as subjects, both groups having received 
the same diets containing 2, 5, 10 and 30% of fat, respectively ; 
these diets wore rendered isocaloric by compensating adjust- 
ment of carbohydrate contents, and so copipounded and fed 
that each supplied gross energy, protein, and vitamins in 
the same proportion. 

The first of these experiments, with weanling rats as sub- 
jects, was conducted by the so-called body balance method 
of this laboratory in accord with which the rats are allowed 
normal freedom of movement, and in which a single measure- 
ment of the heat production for a period of 70 days is made 
by subtraction of the energy of the excreta and of the body 
increase from the gross energy of the food. 

In connection with this procedure values were determined 
for the digestibility of the diets, and for the retention of 
energy and of nitrogen, the observed differences in nutrient 
utilization being considered as resultants of the differences 
in the metabolism of energy and protein, in the dynamic ef- 
fects of the diets, and in the physical activity of the subjects. 
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The second of these experiments, with mature rats as sub- 
jects, was conducted by the open-circuit Haldane procedure, 
with voluntary activity excluded. The heat increment or dy- 
namic effect of the food was determined as the difference 
in the amounts of heat produced from a basal and a supple- 
mented diet, both of the same composition, and containing 
2, 5, 10 or 30% of fat. 

The first of these experiments, with weanling rats as sub- 
jects, is discussed in the present, and the second, with mature 
rats as subjects, in the following paper. 

EXPERIMENTAL 

The diets * were compounded as indicated in table 1. The 
amounts of vitamins incorporated in the diets were deter- 
mined in consideration of evidence presented by Burr and 


TABLE 1 

General composition of tliefs. 



DIET 

DU T 

DIET 

DIET 


NO l 

NO. 2 

NO. a 

NO. 4 

Salt mixture * 

% 

4.00 

% 

4.00 

% 

4.00 

% 

4.00 

Corn oil® 

2.00 

2.00 

2.00 

2.00 

Protein mixture “ 

31.40 

32.82 

35.19 

44.67 

Carbohydrate mixture * 

62.60 

58.18 

50.81 

21.33 

Lard 

0.00 

3.00 

8.00 

28.00 

Calories per gm. 

4.058 

4.241 

4.548 

5.77.3 

fsocaloric factors 

1.0000 

.9567 

.8922 

.7029 


Vitamin supplements uere added in the following amounts per kg. of Diet 1, 
and to equicaloric quantities of the other diets: carotene 6.0 mg., thiamine-HCl 
5.0 mg., riboflavin 5.0 mg., pyridoxine HCl 6.25 mg., niacin 6.25 mg., calcium panto 
thenate 50 mg., choline chloride 400 mg., para *aminoben zoic acid 95 mg., 2-niethyl- 
1,4 naphthoquinone 2.5 mg., alpha-tocopherol 100 mg., and inositol 2.0 gm. Vita- 
min D was supplied in irradiated yeast in the amount of 47.1 gm. per kg. of the 
29r fat diet and of isocaloric quantities of the other diets. 

‘ I7.8.P. XTI no. 2. 

^ Considered to furnish sufllcient essential fatty acid. 

‘Casein 50%, skim milk powder 25%, irradiated yeast 15%, brewer yeast 
10%. Mixture contained 10.19% N. 

*Corn starch 34%, sucrose 33%, dextrin 22%, and dextrose rcerelose) 11%. 

The authors gratefully acknowledge the supply of the vitamin components 
of the diets by Merck and Company. 
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Burr (’29), Evans and Emerson (’43), Griffith and Farris 
( ’42), Martin ( ’39), and Rosenberg ( ’42). 

Diet no. 1 was made to contain 20% of protein. The other 
three diets were compounded by means of an algebraic com- 
putation based on the nitrogen and energy contents of the 
non-nitrogeneous nutrients to such effect that the ratio of 
the energy of the protein to the energy of the diet as a whole 
was constant in all four diets. It was then possible, by the 
use of the so-called isocaloric factors in table 1, to feed the 
four diets so as to supply the same amounts of protein and 
energy to each rat. 

TABLE 2 


ConstiUients of diets of different fat and different carbohydrate contents which 
supply the same quantities of protein and of energy. 


DIET 
NO. 1 

APPBOXIMATXIiT 

ISOCALOBIO 

QUANTITIES 

OF DIETS 

PROTEIN 

1 

^ FAT 1 

^ CABOHYDKATX* 

1 ENERGY 

X ' 

! am. 

10.00 

i % 

1 20.00 

ffm. 

2.000 

% 

2.07 

ffm. 

.207 

% 

67.78 

ffm. 

i 6.788 

cal./gm. 

4058 

Cal. 

40.58 

2 

9,57 j 

20.90 

2.000 

5.07 I 

.485 

63.68 

6.654 ' 

4241 

40.57 

3 

8.92 

22.41 

2.000 

10.08 j 

.899 

57.66 

6.464 

4548 j 

40.58 

4 

7.03 

28.45 

2.000 

30.10 1 

2.115 

32.70 

4.651 

5773 

40.58 


‘ Fat added aa corn oil and lard plus a very small amount in the protein mixture. 
* Carbohydrate added as carbohydrate mixture and 22.75% of the protein mixture. 


Table 2 gives the quantities of the diets required to supply 
protein and energy each at a constant rate ; and also the pro- 
tein, fat, carbohydrate and energy contents of isocaloric por- 
tions of the diets. 

The proportions of fat to carbohydrate in diets nos. 1, 2, 3 
and 4 were 1 : 32.8, 1 : 13.7, 1 : 7.19 and 1 : 2.20, respectively ; and 
the reciprocal proportions of carbohydrate to fat in diets 
nos. 1, 2, 3 and 4, were 1 : .031, 1 : .073, 1 : .139, and 1 : .455, 
respectively. 

While these ratios constitute the really significant bases for 
conclusions from the investigation, the diets will be desig- 
nated, for convenience, by their approximate fat contents — 
to wit, 2, 5, JO and 30%. 
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The experimental subjects were ten litter-fours of weanling 
albino rats subdivided in a manner providing four groups of 
ten individuals, each such group containing one rat from 
each of ten litters. 

The rats were fed once a day, the amount given to each 
rat of a litter-four being determined by the individual of the 
four which ate the smallest amount of food. By this method 
of food control the caloric and the nitrogen intakes of each 
group of ten rats were maintained identical. The palatability 
of the diets increased in the order of their fat content, there 
being a total of thirty-two feed refusals by the rats receiving 
the 2% fat diet and only three by the rats receiving the 30% 
fat diet. 

The urines were collected daily, and two aliquots were pre- 
pared, one preserved with 25 ml. of 1.7 Sp. Gr. H2SO4 per 
5-pint bottle for the determination of nitrogen, while the 
other was dried for the determination of energy by means 
of the bomb calorimeter. The feces were also collected daily, 
and after drying at 50°C., were allowed to come into moisture 
equilibrium with the air before being weighed and ground 
for analysis. 

This experiment was conducted at an environmental tem- 
perature thermostatically controlled at 29.5° C. 

The bodies of the rats were cut up with shears, and were 
prepared for extraction by drying over sulphuric acid in 
vacuum desiccators at room temperature. After extraction 
with ether the residues were ground in an Excelsior mill, 
which reduced them to a condition sufficiently finely divided 
for sampling and determination of nitrogen and energy. 

Table 3 gives the average weekly live weights of the four 
groups of ten rats, each of which groups received one of the 
experimental diets during the 10 weeks of the experiment. 

An inspection of these average weekly weights for ten rats 
shows that the capacities of the diets to produce gain in 
weight were in the increasing order of their fat contents. 
During the third to the ninth week the rats which received 
diet no. 4, containing 30% of fat, were 3, 4, 7, 11, 14 and 16 
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gm. heavier than the rats which received the same amounts 
of energy in diet no. 1, containing 2% of fat. Since each rat 
of a litter-four was held to the same caloric intake, the rats 
were in effect penalized in accord with the amount that 
they grew, by virtue of the fact that the greater the growth 
the greater is the maintenance requirement. The observed 
differences in gain in weight produced by the four diets, there- 
fore, were smaller than they should have been if the basis of 
comparison had been perfectly equitable. 


TABLE 3 

Average Uveweighis of rats during 10 weelcs on isocaloric quantities of dirts 
containing 2^ 5, 10 and S0%^ resprctivrlyy of fat. 


DTKT 

' FAT 1 

INITIAL 




WEEK N U M 

B S R 




NO. 

CONTENT , 
OF DIET 

1 

BODY 

WEIGHT 


2 

3 

4 1 5 

6 

7 

8 

9 ! 

j 

10 


% I 

am. 

j am. 

am. 

am. 

gm. 1 am. 

am. 

am. 

am. 

am. 

am. 

1 

2 

48.5 

1 63 

93 

134 i 

134 154 

169 

184 

200 

210 

220 

2 

5 

48.2 

63 

93 

115 ; 

136 1 157 

174 

191 

207 

220 j 

231 

3 i 

10 

47.2 

, 62 

94 

117 

136 1 158 

176 

194 

210 

225 1 

23.-) 

" 1 

o 

CO 

47.7 

62 

93 

117 

138 : 161 

180 

198 ' 

216 

230 1 

239 


The average amounts of food and food nitrogen eaten per 
rat during 70 days by each of the groups of ten, and the aver- 
age initial and final weights of body nitrogen and of body 
fat, are set forth in table 4. The gains in body nitrogen and 
body fat increased in the order of the increasing fat content of 
the diets, except that the increase in the body fat of the rats 
which received the 30% fat diet was not greater than that of 
the rats which received the 10% fat diet. 

In regard to the cause of the increased fat contents of the 
rat bodies with increase in the fat content of the diets — 
this could logifeally be due either to a fundamental advantage 
in favor of the energy expense of utilization of fat, or to a 
difference in the effects of the dietary conditions, especially 
as to vitamin contents, as affecting the utilization of fat and 
carbohydrate. The intake of vitamins, however, is believed 
to have been adequate. 
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It is a fact, however, that the body residues from the ether 
extraction in the coarsely cut-up condition were not re- 
extracted after grinding. The weights of body fat, there- 
fore, were not of the most critical significance. 

The average gain of fat in the rats which received the 2% 
fat diet was 21.04 gm., while their food contained only 13.22 
gm. Fat synthesis, therefore, took place from the diet con- 
taining the minimum amount of fat. 


TABLE 4 

Average amounts of food eaten during 70 days; and initial and final nitrogen and 
fat contents of rat bodies.^ 


FAT 

CONTENT 

OF DIETS 

' i 

FOOD I 

EATEN 

INTAKE 

OF 

NITROGEN 

BODY NITROGEN 

BODY PAT 

Initial i 

Final 

Initial 

Final 

% 1 

pm. 

pm 

pm. 

pm. 

pm. 

pm. 

2 i 

703.4 

22.507 

1.17 

6.86 

3.72 

24.75 


672.9 i' 

22.507 

1.16 

7.24 

3.69 

26.96 

10 i 

627.6 i 

22.507 

1.14 

7.50 

3.62 

27.79 

30 

494.4 

22.507 

1.15 

7.59 

3.66 

27.73 


^ The composition of the bodies of the rats at the beginning of the experiment 
was computed from the directly determined composition of a control group; the 
composition of the rat bodies at the end of the experiment was determined by 
eliemical analysis. 


The per cent of recovery of feed nitrogen in the nitrogen 
of the urine, feces and body gain for the rats which received 
the 2, 5, 10 and 30% fat diets were 98, 98, 99 and 99, respec- 
tively. 

The data in table 5 show that there were slight decreases 
in the nitrogen of the urine, much larger decreases in the nitro- 
gen of the feces, and increases in the nitrogen retained, during 
the 70-day experiment, in the increasing order of the fat 
contents of the diets. The odds that the nitrogen retention 
from the 30% fat diet was higher than from the 2% fat diet 
were 253:1. Since the protein intake in all diets was the 
same, these observations signify that the increasing fat con- 
tent of the isocaloric diets favored both the digestion and 
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the fundamental utilization of the protein present, the nitro- 
gen retention from the 30% fat diet being 9.8% greater in 
amount than that from the 2% fat diet. 

From the data in table 6 it is evident that the difference 
in the fat content of the diets was associated with only slight 
differences in the outgo of energy in feces, urine and heat, 
the odds that the heat production from the 30% fat diet was 


TABLE 5 

Partition of average nitrogen intake per rat during 70 days. 




NITROGEX 


OONTBITT 
or DIETS 

Intake 

Output in 

Urine Pecea 

Retained 

% 

, am. 

am. 

am. 

am. 

2 

22.51 

14.34 

2.06 

6.11 

5 

22.51 

18.95 

2.03 

6.53 

10 

22.51 

14.10 

1.86 

6.55 

30 

22.51 

14.10 

1.70 

6.71 


TABLE 6 

Partition of average daily intake of food energy per rat during 70 days. 

FAT 

CON- 

TENT 

or 

DIET 

GROSS 

ENEBOT 

INTAKE 


ENEBOT INTAKE 


ENERGY OUTPUT 

ENERGY 

RETAINED 

Protein 

Carbo 

hy- 

drate 

Pat 

Metabo- 

lizable 

In 

feres 

In 

urine 

As 

heat 

% 

Oal. 

Oal. 

Oal. 

Cal. 

Oal. 

Cal. 

Oal. 

Oal. 

Oal. 

2 

2854 

799 

1912 

143 

2601 

128 

125 

2195 

406 

5 

2854 

799 

1713 

342 

2605 

126 

123 

2165 

440 

10 

2854 

799 

1456 

599 

2610 

121 

123 

2154 

456 

30 

2854 

799 

657 

1398 

2615 

123 

116 

2155 

460 


less than from the 2% fat diet being 59 to 1; but the differ- 
ences in energy retained were much more significant, the odds 
being 253 to 1 that the amount of energy retained from the 
30% fat diet was greater than that retained from the 2% fat 
diet. It is a coincidence, and not an error, that the odds, as 
stated, relating to nitrogen and energy retention were in both 
cases 253:1. Of the difference in the amounts of energy 
stored from the 2% and the 30% fat diets 54.6% was from 
protein. 
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Since the subjects of this experiment were allowed normal 
freedom of exercise, it was not determined whether differ- 
ences in the amount of voluntary exercise taken by these 
growing rats on the isocaloric diets of different fat content 
contributed to the observed differences in heat production and 
in energy retention. Smith and Conger (’44), however, found 
that 56% of food calories coming from fat caused no dis- 
turbance in voluntary activity, and that as much as 72% in fat 
calories caused only slight depression of activity. In the 
30% fat diet which was fed in the present investigation the 
fat supplied about 50% of the energy. Further evidence on 
this aspect of the problem was obtained from the experiment 
with mature rats as subjects, with voluntary activity excluded. 

With respect to the utilization of both nitrogen and energy 
the increased efficiency of the 5% fat diet as compared with 
the 2% fat diet was much greater than that of the 30% fat 
diet as compared with the 5% fat diet. 

SUMMABT 

A 70-day metabolism and body analysis experiment was 
conducted to determine the effects of differences in the fat 
content of isocaloric diets on the utilization of food energy 
and protein. 

The subjects were four groups of 10, growing male albino 
rats, each of these four groups containing one rat from each 
of the same ten litters. 

A comparison was made of four diets containing 2, 5, 10 
and 30% of fat, respectively, these diets being so compounded 
and fed as to supply to each rat of a litter-four the same 
quantities of gross energy, protein, and vitamins. 

Determinations were made of gains in live weight, nitro- 
gen, fat and energy, with a single value of the heat production 
for the 70 days as the energy of the food minus the energy 
of the excreta and of the body gain. 

The gains in live weight, the digestibility of nitrogen, and 
the retention of nitrogen and energy were in the order of the 
increasing fat content of the diets; the superiority of the 5% 
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over the 2% fat diet with respect to the utilization of both pro- 
tein and energy being much greater than the superiority of 
the 30% as compared with the 5% diet. 
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RELATION OF FAT TO ECONOMY OF FOOD 
UTILIZATION 

II. BY THE MATURE ALBINO EAT ^ 

E. B. FORBES, R. W. SWIFT, R. F. ELLIOTT ANlJ W. H. JAMES 
Institute of Animal Nutrition, The Pennsylvania State College, State College 

(Received for iniblication September 17, 1945) 


In a recent investigation of the associative dynamic effects 
of protein, carbohydrate and fat, by Forbes and Swift (’44), 
an effort was made to differentiate between the individual 
influences of these nutrients on the heat production by de- 
termining their specific dynamic effects separately and also 
in the four possible combinations of these three kinds of nu- 
triment, each such supplement being superimposed upon a 
complete diet sufficient for maintenance. In thus recog- 
nizing the heat production of energy equilibrium as the stand- 
ard base from which to measure nutritive energy value, it is 
not implied, and it is not the understanding of the authors 
that the heat increment of nutrients retained as body increase 
is the same as that of nutrients catabolized; but it is their 
belief that after the diet has satisfied the unavoidable non- 
productive energy expense of maintenance, the heat produc- 
tion of energy equilibrium is the logical base value from which 
to measure the expense of utilization of food energy for 
whatever productive purposes it serves in the metabolic en- 
semble imposed by the experimental regime. 

In the study just mentioned the two nutrient combinations 
which led to the minimum heat increments were those com- 
posed of beef protein and lard, and of cerelose (corn sugar) 

* Authorized for publication on September 12, 1945, as paper no. 12H8 in tlie 
Journal Series of the Pennsylvania Agricultural Experiment Station. 
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and lard. Next in the increasing order of dynamic effects was 
the combination of beef protein, cerelose and lard; while the 
least efficient combination, as indicated by the maximum heat 
increment, was the one containing no fat, and which was com- 
posed of cerelose and beef protein. The implication, therefore, 
was that lard, in its combinations with cerelose and with beef 
protein, conferred economy of utilization of food energy, as 
indicated by low heat increments. 

As a means of throwing further light on the influence of fat 
on economy of food utilization, therefore, two studies, one 
with growing and the other with mature rats as subjects were 
conducted; and the first of these experiments having been 
discussed (Forbes, Swift, Elliott and James, ’46), an account 
of the second is now presented. 

Since the general method of this experiment involves the 
determination of the specific dynamic effects of nutrients, the 
results of which are much affected by the details of the pro- 
cedure followed, the experimental requirements of this esti- 
mation will be considered. The general principle of measure- 
ment of the dynamic effects of nutriment is to determine the 
heat increment resulting from the feeding of the test substance 
to the experimental subject in some basal status. In this rela- 
tion one’s first thought is inevitably of Eubner’s (’02) meas- 
urement of the specific dynamic effect of protein, based upon 
the heat production of a fast. 

It is the opinion of the authors that the specific dynamic 
effects of nutrients, in the sense in which Rubner used the 
term, are without definite significance as measures of the 
energy expense of nutrient utilization, for the reasons that 
the heat production of a fast, at the expense of body nutrients, 
comprises two factors, a net energy and an energy expense 
of utilization, exactly as does metabolizable energy of food 
origin ; and that a part of the energy value of nutrients fed 
to a fasting animal is inevitably used to spare the catabolism 
of body nutrients. Therefore the observed increase in heat pro- 
duction is less than the true energy expense of utilization of 
the food substance. 
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This idea of an energy expense of utilization of body nu- 
trients catabolized is not new ; in fact it was clearly expressed 
in connection with one experiment by Eubner (’02, p. 371) 
himself. In this instance he definitely interpreted the in- 
creased heat production in phlorhizin glycosuria, in com- 
parison with that of fast, as representing a specific dynamic 
effect of the body protein catabolized. 

Without undertaking to review all the literature on this 
point, a few of the many supporting expressions may be cited. 
Adams’s (’26) confirmation of Oppenheimer’s theory that the 
cells of the body must do chemical work in order to bring about 
some of the metabolic functions following the ingestion of 
food, by reference to the second and third laws of thermo- 
dynamics. Another is the proposal by Williams, Riche and 
Lusk ( ’12) of a method of calculating specific dynamic effects 
of protein which recognizes the dynamic effect of body protein 
catabolized during fast. Lusk (’28) positively expressed his 
approval of Eubner ’s conclusion that there is a specific dy- 
namic effect of catabolized body protein. Borsook and Wine- 
garden (’31) observed a close correlation between the specific 
dynamic effect of protein and the increase in urinary nitrogen 
excretion as compared with that of the basal levels. Finally, 
we may cite Borsook ’s (’36) conclusion that there is no reason 
to expect different energy exchanges whether tissue protein 
and amino acids, or amino acids immediately derived from 
ingested proteins, are metabolized. The subject of dynamic 
effects of body nutrients has also been discussed by Forbes and 
Swift (’41), who presented results of an effort to measure 
such values. 

In spite of Eubner ’s (’02, p. .371) conclusion that there is 
a dynamic effect of body nutrients catabolized, and the general 
approval of the principle involved, however, this conception 
has not been generally followed through to its logical con- 
sequence in the determination of dynamic effects of nutrients, 
either by Eubner or by those who have followed his lead. 
This logical consequence would he the recognition of the fast- 
ing catabolism minus the dynamic effect of the body nutrients 
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catabolized as the theoretically correct base value of heat 
production. An excuse, if not an adequate reason, for the 
general failure to recognize this point of view is that there 
seems to be no entirely defensible method for determining the 
dynamic effect of body nutrients catabolized. 

It is, therefore, the understanding of the authors that de- 
terminations of dynamic effects of nutrients made with any 
submainteiiance base value of heat production are in error, 
as observed, by the amount by which the metabolizable energy 
of the test nutrients serves to diminish the dynamic effect of 
the body nutrients catabolized. 

In addition to this error, other reasons why the heat pro- 
duction at a submaintenance plane of nutrition is not a fav- 
orable one from which to measure the dynamic effects or heat 
increments of nutrients are (a) that nutrition at a submainte- 
nance level is quite irksome to the experimental subject, and 
is therefore likely to lead to inconsistent I’esponse to the 
food; and (b) that the heat production at a submaintenance 
plane of nutrition is a difficultly measurable value, without 
standard significance, since its magnitude is decreased during 
the continuance of the submaintenance status by a rapid de- 
crease in heat from carbohydrate, a slower decrease in heat 
from protein, and a decrease in heat from fat the extent of 
which is largely dependent on the fatness of the animal. 

According to the authors’ understanding the determination 
of the most significant measurements of the energy expense of 
nutrient utilization depends upon having the experimental 
conditions such that there are the minimum differences in the 
quantities of nutrients of the kinds metabolized in the two 
measurements of heat production compared. These conditions 
seem to be met in the most practicable manner when the test 
nutrient is superimposed upon a nutritively complete diet fed 
in a quantity sufficient for energy equilibrium. 

Another extremely important consideration relating to the 
determination of the energy expense of utilization of nutrients 
is the method of feeding — whether the effect as observed 
is a short-time measurement derived from a single portion 
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oI the test substance fed to an animal without preliminary 
treatment, or from a much longer-time measurement at an 
established plane of nutrition to which the animat has been 
adapted by adequate preparatory treatment. 

Three reasons why heat increments should be determined 
by difference between results from established states of nu- 
trition rather than from single feedings of test nutrients are 
the following: (a) animals are highly adaptable to conditions 
of nutrition, and the economy with which they utilize nutrients 
is much affected by the need for thrift ; a heat increment rep- 
j’esenting conditions to which an animal has become adjusted, 
therefore, is much more reliably representative of the diet 
than is an increment representing a single feeding to an 
animal not so adjusted, (b) periods of heat measurement 
with animals which have been adjusted to their diet by pre- 
liminary treatment may be as long as required in the interest 
of accuracy, while observations based on single feedings 
are limited to intervals between times of feeding, (c) in the 
single-feeding method an accurate measurement of the heat 
increment is rendered impracticable by the technical diflBculty 
of accounting for all of the increase in heat; in fact this 
frequently is not even attempted, conclusions being based on 
the highest heat production observed, or on the rate of heat 
production during some short time interval, the values so de- 
rived in either case standing in no particular relation to the 
total heat increment. 

Tt is also favorable to consistency of heat increments that 
the experimental subjects be habituated to the other environ- 
mental conditions, especially as to air temperature, which are 
to prevail during the determination. 

Furthermore, the experience of the authors suggests that 
there are seasonal effects to be reckoned with in research in 
energy metabolism, and therefore a program of experimenta- 
tion running through a number of months should be so planned 
that the accumulation of a satisfactory volume of evidence 
is accomplished not by a single, inclusive experiment requir- 
ing the whole period for its execution, but by repeated ex- 
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periments with smaller numbers of subjects at a time, each 
such sub-experiment being complete in the sense of covering 
the entire ground of the project. 

In the determination of heat increments based on the heat 
production of approximate energy equilibrium it is assumed 
that the energy expense of maintenance is unaffected by the 
plane of nutrition, and that this quota cancels out in the com- 
putation of the increments, the difference in heat production 
at the two planes of nutrition, therefore, representing the 
energy expense of food utilization. 

EXPEBIMEiVTAL 

The purpose of the present experiment was to determine 
the energy expense of utilization (dynamic effect) of com- 
plete diets as affected by their fat contents. The experiment 
was conducted by the open-circuit, respiratory quotient method 
of Haldane, with the mature albino rat as the subject. The 
diets contained 2, 5, 10 and 30% of fat, respectively, and were 
so compounded and fed as to supply identical quantities of 
energy, protein, and vitamins. The composition of the diets 
fed in this experiment was exactly the same as that of the 
diets fed in the experiment reported in the preceding paper 
(see its table 1), except that during the last quarter of the ex- 
periment the intake of calcium pantothenate was increased 
five-fold, to 250 mg. per kilogram of diet no. 1, and of isocaloric 
quantities of the other diets. 

The daily intake of gross nutrients is recorded in table 1, 
in which it is shown that while on either maintenance or super- 
maintenance feeding the mature rats on the four diets re- 
ceived the same quantities of energy and of protein, but 
different quantities of fat, and compensating differences in 
carbohydrate. 

In table 2 is given the general schedule of experimentation. 
The subjects were 48 male rats constituting four groups of 
12 each, one group for each diet, each of these four groups 
containing one rat from each of 12 litters. The rats had been 
reared for the experimental program at temperatures within 
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the zone of thermal neutrality, and were born on such dates 
that each individual was 205 days old when first used in the 
respiration chamber on the maintenance diet, and 212 days 
old when first used on the supermaintenance diet. 

The heat production was measured for each rat for each 
dietary treatment during the greater part of 2 consecutive 
working days; heat increments being detei’mined as the dif- 
ference in heat production of the same 12 rats on maintenance 


TABLE 1 

Percentage contents of diets, and daily intake of protein, carbohydrate, 
fat and energy. 


DIET 

NO. 

riiANE OF NOTEITIOK 

TOTAL 

FOOD 

IN- 

TAKE 

PROTEIN 

CARBO- 

HYDRATE 

fat 

1 



am 

% 1 /7W. 

% 

am. 

% 

1 “ 

gm. ^ Cal 

1 

Maintenance 

11.00 

20.00 i 2.20 

67.78 

7.46 

2.07 

.23 44.64 

2 

Maintenance 

10.52 

20.90 ! 2.20 

63.68 

6.70 

5.07 

.53 , 44.64 

3 

Maintenance 

9.81 

22,41 1 2.20 

57.66 

5.66 

10.08 

.99 . 44.64 

4 

Maintenance 

7.73 

28.48 2.20 

32.70 

2.53 

30.10 

1 

2.33 ; 44.64 

1 i 


1 

2 

3 

4 

Supermaintenance 

Supermainteiianee 

Supermaintenance 

S u per m a in t enance 

16.00 1 20.00 
15.31 1 20.90 
14.28 1 22.41 
11.25 1 28.48 

! 3.20 1 67.78 1 10.84 

1 3.20 ; 63,68 ' 9.75 

I 3.20 ' 57.66 j 8.23 
' 3.20 i 32.70 ' 3 68 

2.07 .33 1 64.93 

5.07 1 .78 64.93 
10.08 1.44 j 64.93 
30.10 3.39 64.93 

RAT 

NOS. 

TABLE 2 

Sehedale of eseperxmentation. 

i DAILY AOK AVE ^ 

! PLANES OF NUTRITION KNKROY OF , WEIGHTS 

1 INTAKE ' RAT.S OF RATS 

DATES OF 
RESPIRATION 
HF.ASUREMENTS 



Cal. 1 

(laytt 

am. 


1-12 

Maintenance 

44.64 

205 

353 

Jan. 29-Feb. 3 

1-12 

1 Supermaintenance 

64.93 

212 

; 381 

Feb. ,5-10 

13-24 

' Maintenance 

44.64 

205 

.314 

Feb. 26-Marcli 3 

13-24 

1 

Snyiermaintenance 

64.93 

212 

336 

March 5-10 

25-36 ; 

Maintenance 

44.64 

205 

i 

319 

April 2,3-28 

2.5-36 

Siipermaintenance 

i 64.93 

i 

212 

344 ' 

April 30-May 5 

37-48 : 

Maintenance 

1 

; 44.64 

205 

320 i 

May 21-26 

37-48 1 

Siipermaintenance 

1 64.93 , 

212 

344 

May 28-,TnDc 2 
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and supermaintenaiice quantities of the same diet. Voluntary 
activity during respiration experiments was excluded by sub- 
jecting the rats to a bright light, which made them keep their 
eyes shut and remain generally motionless. 

In order to equalize possible effects of the time of year 
on the results, the investigation was conducted as a sequence 
of four identical programs each of which covered the whole 
ground of the study, with three rats as subjects. Therefore 
twelve rats in all were used with each experimental treatment. 

The subjects were selected on the basis of their performance 
during 5 days’ ad libitum consumption of the colony diet in 
individual cages. Then the selected individuals were fed a 
constant amount (16 gm.) of the colony diet, twice daily, for 
5 days, to establish them, as nearly as possible, on a uniform 
rate of metabolism throughout the day, and to determine that 
they would probably eat equivalent quantities of the experi- 
mental diets when later called upon to do so. The subjects 
were then fed maintenance quantities of the four experimental 
diets for 10 days, to adapt them to this plane of metabolism : 
and during this interval each rat was subjected to the routine 
of the respiration experiment, on 2 days, by way of training 
for the respiration measurements to follow. 

This 2 )reliminaiy maintenance period was followed by 8 
days’ feeding on the same quantities of the diets, with collec- 
tion of the excreta for the determination of nitrogen balance 
and metabolizable energy. Then followed 2 days of respiration 
measurement on the maintenance diets. The subjects were 
next given the supermaintenance diets for 5 days to adapt 
their heat production to this level of food intake, the weight 
of the diets being 16 gm. for diet no. 1, and somew'hat less 
for the diets of higher fat contents as required to provide 
isocaloric food intake. Next followed 2 days of respiration 
measurement, and finally an 8-day period of excreta collection, 
both on the supermaintenance diets. 

A purpose in the order of feeding treatment, as recounted, 
was to have the respiration experiments on tlie two planes 
of food intake as close together as possible, that is, separated 



FAT AND FOOD UTILIZATION 


221 


only by the 5 days required to establish the animals in heat 
production representative of the higher plane of food con- 
sumption. 

During the 2 days’ measurements of the heat production, 
the rat, after receiving food at 6:30 a.m., was put into the 
respiration apparatus at 8 : 00 a.m., where it remained until 
3 : 00 I'.M. 

The weight of the carbon dioxide absorbed, and the degree 
of physical activity of the experimental subject as indicated 
by a work adder, were recorded each hour from 9:00 a,m. 
until 3 : 00 p.m., and the hourly values used for heat production 
were selected as those which did not differ from the average 
for the day (excluding the first hour) by more than 6%. In- 
cidentally this exclusion of the more aberrant data made no 
significant difference in the experimental findings. The weight 
of carbon dioxide eliminated during the entire 7-hour period 
was used in computing the respiratory quotient, but only 
the amount eliminated during the selected intervals of quiet 
were used in computing the heat production. It was assumed 
tliat the total respiratory quotient was unaffected by the slight 
activity of the animal during the 7-hour respiration period. 
The definite significance of the results obtained, therefore, 
was limited to the selected intervals of quiet, without evidence 
or claim that they exactly represented the entire 24-hour day. 
It is also conceded that there was probably a difference be- 
tween the amounts of heat produced by the subjects while 
asleep and while awake but motionless. 

The respiration experiments were conducted with the ap- 
paratus at a temperature of 28°C. ±: 0.1°C., the temperature 
inside the respiration chamber being about 29°0., which is 
within the zone of thermal neutrality. When the rats were 
not in the respiration chambers they were in a room the tem- 
perature of which was thermostatically controlled at 29° C. 

The data in table 3 show that the nitrogen of the urine 
during the intended maintenance feeding was close to the re- 
quirement for equilibrium under the prevailing dietary con- 
ditions; and the greater amount of nitrogen in the urine 
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from supermaintenanee than from maintenance feeding may 
be considered as resulting from the materially greater amount 
of digested nitrogen available. While it would be desirable, 
in determining dynamic effects of nutrients, to have the same 
quantity of nitrogen catabolized in both the basal and the 
supplemented periods, this is apparently an impossible ob- 
jective. On comparing the nitrogen retention from the 2% 
and the 30% fat diets by these approximately mature rats 
it appears that the odds were only 4 to 1 that the observed 

TABLE 3 

Vtilization of daily nitrogen. 


DfET 

NOB. 

PLANE OF NUTRITION 

PAT 

CON- 

TENT 

OF 

DIET 

NITBO- 
j OEN 

I IN- 
j TAKE 

NITROGEN 

DIGESTED 

NITROGEN 

OP URINE 

NITRO- 

GEN 

RETEN- 

TION 



% 

I mg. 

mg. 

.% 0/ 
mtnlefi 

mg 

% of 
intnkf 


1 

Maintenance 

2 

352 

319 

90.6 

325 

92.3 

-1.7 

2 

Maintenance 

5 

352 

318 

90.3 

327 

92.9 

- 2.6 

3 

Maintenance 

10 

352 

320 

90.9 

316 

89.8 

1.1 

4 

Maintenance 

30 

352 

322 

91.5 

330 

93.8 

- 2.3 

1 ; 

Supermaintenanee i 

2 

, 512 

461 

90.0 

415 

81.1 

9.0 

0 1 

1 

Supermaintenanee 

5 

; 512 1 

461 

90.0 

416 

81.3 

' 9.0 

3 

Supermaintenanee 

10 

; 512 1 

463 1 

90.4 

415 1 

! 81.1 

9.4 

4 

Sui>erm a in tenancy | 

30 1 

I 512 ; 

467 1 

91,2 

410 1 

80.1 

n.i 


difference was significant ; the odds were many millions to one 
lhat the corresponding values for energy retention w^^ere sig- 
nificant. 

The metabolizable energy values of the daily food (table 4) 
were virtually constant for the four diets at the maintenance 
and at the supermaintenanee planes of food intake, with a 
range of coefficients of variation from 0.3% to 0.8%. 

The heat production from the daily food intake, however, at 
both planes of nutrition, diminished in the increasing order 
of the fat contents of the diets, without exception; and the 
coefficients of variation of the heat production (3.0% to 5.6%), 
while much higher than for metabolizable energ;^% were sat- 
isfactorily low for this observation. 
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The average coeflScient of variation of the determined values 
for metabolizable energy of the four diets was 0.46%, and for 
the heat production from these diets it was 4.1% ; and the 
computed odds that the average heat increment value of the 
30% fat diet was less than that of the 2% fat diet were many 
millions to one. Of the greater amount of energy stored 67 % 
was protein. 

With respect to the plane of nutrition of the rats during the 
period of approximate energy equilibrium — three groups 
lost and one group gained slight amounts of nitrogen (table 

TABLE 4 

Partition of daily food energy. 


DIBT 

NOB. 

PLANKS OF NUTRITION 

, INTAKE 

FKCES 

URINE 

MET ^BOLIZABLB 
ENKRGT 

HEAT 

PRODUCTION 



Cal 

Cal 

Cal. 

Cal 

eoeff. 

var. 

% 

Cal 

eoeff. 

var. 

% 

] 

Maintenance 

44.64 

2.25 

2.75 

39.64 

.3 

30.50 

5.6 

2 

Maintenance 

44.64 

2.35 

2.75 

39.54 

.4 

29.93 

3.8 

3 

Maintenance 

44.64 

2.16 

2.75 , 

39.73 

.5 ! 

29.50 

3.2 

4 

Maintenance 

44.64 

2.53 

1 

2.76 ' 

1 

39.35 

.8 : 

! 

27.56 

5.4 

] 1 

Supermaintenanee 

64.93 

3.30 

3.91 1 

57.72 

.3 

37.79 

3.S 

2 

Supermaintenanee 

64.93 

3.27 ' 

3.92 1 

57.74 ' 

.4 1 

36.32 

3.2 

3 ! 

Supermaintenanee 

, 64.93 

3.20 

3.93 1 

57.80 

.5 i 

35.28 

3.0 

4 

S uperma intenance 

i 64.93 

3.58 I 

3.96 1 

57.39 

.5 ' 

31.66 

4.8 


3) ; three groups gained slightly in weight, while the fourth 
exactly maintained its weight; and the values for heat pro- 
duction subtracted from those for metabolizable energy (table 

4) show that all groups stored energy during the respiration 
experiments. Conditions during the maintenance period, there- 
fore, are considered to have been satisfactory for the deter- 
mination of the base value of heat production. 

The gross energy of the daily dietary supplements was 20.29 
cal. ; and the daily heat increments (table 5), which diminished 
in the increasing order of the fat contents of the diets, were 
7.29, 6.39, 5.78 and 4.10 cal., respectively, which amounted to 
36, 31, 29 and 20%, respectively, of the gross energy of these 
supplements containing 2, 5, 10 and 30% of fat. 
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A logical question, however, as to the validity of this ap- 
parent effect of the fat content of the diet on the efficiency 
of utilization of food energy concerns the extent to which 
the requirements of energy production from fat and from car- 
bohydrate, especially the vitamin requirements, were satisfied 
by the diets. It was intended that the vitamin intake should 
be liberal, and .the amounts of thiamine hydrochloride, ribo- 
flavin, pyridoxine hydrochloride, calcium pantothenate and 


TABLE 6 

Quantiiiefif tncrements and sources of average daily heat production. 


dii:t 

NOS. ^ 

PLANKS or NUTRITION 

. 

TOTAL 

HEAT, 

AND 

HEAT 

INCRE- 

MENTS 

NON- 
PROTEIN 
R. Q. 

SOURCES OP HEAT PRODUCTION 

Protein 

Carbo- 

hydrate 

Fat 

Fat 

svn- 

thesis 



Cal. 


CaJ. 

Cal. 

Cal. 

Cal 

1 

vSupermaiiitenanoo 

37.79 

1.18 

11.01 

25.72 

0 

J.(t6 

1 

Maintenance 

30.50 

1.09 

8.63 

21.47 

0 

0.40 

3 

Heat increments 

7.29 


2.38 

4.25 

0 

0.66 

2 

8upermaintenaiiee 

36.32 

1.15 

n.0.3 

24.50 

0 

0.79 

2 

Maintenance i 

29.93 

1.05 

8.68 

21.02 

f) 

0.23 

2 

Heat increments 

6.39 

; 

2.35 

3.48 

0 

0.56 

3 ! 

Siipermaintenance | 

35.28 

i 3.07 

11.00 

! 23.91 I 

0 

(K37 


Maintenance j 

29.50 

1.00 

8.36 ! 

i 21.10 ' 

0 

0.04 


Heat increments 1 

5.78 

! 

2.61 

2.81 

0 1 

1 

0.33 

4 

Supermaintenance j 

31.66 

0.85 

30.87 

' 30.54 ; 

10.25 

0 

4 

Maintenance | 

27.56 

0.82 

8.76 

7.57 

13.23 

0 

4 

Heat increments | 

4.10 


2.31 

2.97 ' 

— 0.98 

0 


niacin in the diets were the same as those characterized by 
Boutwell and associates ( ’45) as being at a high level. In the 
course of this experiment the authors received a suggestion 
to the effect that an increased pantothenic acid intake might 
wipe out the appearance of superior economy of utilization 
of fat as compared with carbohydrate. 

In response to this suggestion an increase was made in the 
calcium pantothenate intake, and during the last quarter of 
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this experimental program, five times as much of this vitamin 
was fed as during the first three-fourths of the program. This 
increased intake of calcium pantothenate, however, did not 
alter the general trend of the results. The individual varia- 
tion of the heat production of the rats, and apparent effects 
of the season of the year, were of such magnitude that the 
comparison of the results from the last three rats with the 
results from the previous nine afforded no significant basis 
for a conclusion as to the pantothenic acid requirement. 

The observed results with respect to the effect of the fat 
content of the diets on the economy of utilization of food 
energy, therefore, may be considered as being in accord 
with the present state of knowledge of energy metabolism; 
but it is necessary to concede the possibility that future prog- 
ress in understanding of the nutritive requirements of energ;^’’ 
production from fat and carbohydrate could alter these 
findings. 

Tn relation to the origin of the heat production, with the 
increasing fat and compensating decrease in the carbohydrate 
content of the diets, the amount of heat derived from protein 
was virtually unchanged; the heat of carbohydrate catabolism 
was decreased ; there was no heat from fat catabolism except 
from the 30% fat diet; and there was a decreasing quantity of 
heat from fat synthesis, there being no heat from this source 
from the 30% fat diet. The sources of the decreasing energy 
expense of utilization of the isocaloric diets, in the order of 
their increasing fat contents, therefore, were decreasing heat 
from the catabolism of carbohydrate and from fat synthesis. 
In this factoring of the heat increment, the portion ascribed to 
fat synthesis was conventionally considered to he exclusively 
a product of carbohvdrate catabolism, whereas, it will he un- 
derstood, protein also presumably contributed to this quota. 

The heat increments reported from this investigation were 
of a general order of magnitude similar to those derived in 
other recent experimental work conducted by the same pro- 
cedure in this laboratory. The reason that they were much 
larger than those commonly reported in the literature lies 
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primarily in the difiference in the base values from which the 
increments were computed. In the present study these base 
values of heat production were near to that of energy equili- 
brium, the increase in heat production incident to the con- 
sumption of the test supplements, therefore, representing the 
increased energy expense of food utilization; while most of 
the determinations of dynamic effects reported in the litera- 
ture have been determined by procedures implying some sub- 
maintenance level of heat production as the base value, this 
value being too high, and the heat increments too low, to rep- 
resent the food correctly, the extent of this error being that 
to which the heat increment as observed had been diminished 
by heat derived from body nutrients catabolized. 

For the avoidance of confusion, the authors call attention 
to the facts that the results reported in the present and the 
foregoing paper represent growing animals during voluntary 
activity, and mature animals at rest, on diets comparatively 
low in fat content, by virtue of which they are not in conflict 
with the numerous published findings that work is performed 
more efficiently at the expense of carbohydrate than of fat. 

SUMMARY 

Respiration experiments were conducted by the open-circuit, 
Haldane respiratory quotient procedure, with 48 mature albino 
rats as subjects, to investigate the energ^y expense of utiliza- 
tion (heat increment) of complete diets as affected by their 
contents of fat. 

Heat increments were measured as the difference in heat 
production from maintenance and supermaintenance diets 
containing 2, 5, 10 and 30% of fat, respectively, fed in such a 
way as to supply equal quantities of gross energy, of protein, 
and of vitamins. 

In harmony with results of a groyrth experiment in which 
the same diets were fed, the digestibility and the retention 
of food nitrogen were highest when the diet containing 30% 
of fat was used. 
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The metabolizable energy of the diets was unaffected by 
their fat contents. 

The heat production at both planes of nutrition, and also 
the heat increments, diminished in the order of the increasing 
fat contents of the diets. 

The heat increments of the dietary supplements containing 
2, 5, 10 and 30% of fat, respectively, were equivalent to 36, 
31, 29 and 20%, respectively, of their gross energy. 

The decreasing energy expense of utilization of the iso- 
caloric diets, in the order of their increasing fat contents, 
was due to decreasing heat from the catabolism of carbo- 
hydrate and from fat synthesis. 
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111 a previous publication Moore and Sykes ( ’40) reported 
that vitamin A deficiency in the young bovine was associated 
with an increased spinal fluid pressure. In extreme vitamin A 
deficiency pressures as high as 600 mm. of saline were noted 
by Moore and Sykes ( ’41), an increase of about six-fold above 
normal. Boyer, Phillips and co-workers (’42) suggested 
that the increased spinal fluid pressure noted in vitamin A 
deficiency was associated with a decreased synthesis of ascor- 
bic acid. These workers produced a reduction in spinal fluid 
pressure by the subcutaneous injection of ascorbic acid in 
three out of five calves. Moore, Berry and Sykes (’43) found 
no particular relationship between the level of blood plasma 
ascorbic acid and increased spinal fluid pressure. However, 
the recorded pressures were not high and the variations in 
carotene intake were small so that the authors withheld further 
comment until more critical experiments were completed. 
These experiments have been completed and are reported 
•herein. 

EXPERIMENTAL 

Three groups of calves were used. The three calves in the 
first group had been receiving various quantities of carotene 

'Scientific Journal Article no. 106, Contribution no. 1982 of the Maryland 
Agricultural Experiment Station (Dairy Department). 
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in the form of dehydrated alfalfa leaf meal in studies on caro- 
tent requirements. Calf 468 had been receiving sufficient 
carotene to maintain a normal spinal fluid pressure. Calves 
474 and 472 had not been receiving sufficient carotene to 
maintain a normal spinal fluid pressure and thus showed some 
elevation of pressure at the time they were used in the pres- 
ent experiment. The carotene supplement was removed from 
the ration of all three calves in order to cause increases in 
spinal fluid pressure. One of these calves, animal 468, after 
developing some increased spinal fluid pressure was then in- 
jected subcutaneously with 1 gm. of ascorbic acid daily for 
13 days. 

The two calves used in group II were similar to those in 
group !• These two calves had been receiving sufficient caro- 
tene to prevent any increase in spinal fluid pressure. The caro- 
tene supplement was removed from the ration at which time 
3 gm. of chlorobutanol per day were added to the ration. 
Since several laboratories have shown that this drug stimulates 
the synthesis of ascorbic acid in animals, the purpose in this 
instance was to determine whether or not the extra synthesized 
ascorbic acid would prevent the development of an increased 
spinal fluid pressure in the vitamin A deficient calf. 

There were two calves in group III, They were about 3 
months of age and had not been used previously for experimen- 
tal purposes. They were placed on the vitamin A deficient 
ration with adequate supplementation for 30 days after which 
the supplement was cut down to variable amounts. The sup- 
plement was fed in just sufficient quantity to maintain fair 
health and appetite, but not in sufficient quantity to prevent 
an increase in spinal fluid pressure. Begining at 183 days of 
age 1 gm. of ascorbic acid per day was injected subcutaneously. 
The purpose of using these calves was to maintain normal or 
above normal ascorbic acid values in blood and spinal fluid 
and to determine whether or not the vitamin A deficient calf 
would still develop an increased spinal fluid pressure. 

Plasma vitamin A and carotene determinations were made 
each week by a modification of a previously published pro- 
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cedure for carotene by Moore ( ’39). Plasma ascorbic acid 
determinations were made by the method of Mindlin and But- 
ler (’38). When spinal punctures were made 3 ml. of spinal 
fluid were withdrawn on which ascorbic determinations were 
made by the same procedure as used for blood plasma. Where 
ascorbic acid determinations were made on whole blood, the 
method of Eoe and Keuther ( ’43) was used. A photoelectric 
spectrophometer was used for the chemical determinations. 

Spinal punctures were made by the method of Sykes and 
Moore (’42). The pressiu'e was measured by connecting the 
puncture needle to a small bore glass tube. The height to 
which the spinal fluid rose in the tube plus the length of the 
needle was recorded as the spinal fluid pressure. 

When 1 gm. of ascorbic acid was injected subcutaneously, 
just prior to use it was dissolved in 15 ml. of water containing 
750 mg. of trisodium phosphate, which partially neutralized 
the ascorbic acid. 

The blood and spinal fluid samples used for chemical analy- 
sis were drawn about 18 hours after the previous subcutaneous 
injection of ascorbic acid. 

RESULTS AND DISCUSSION 

The results with the first group of three calves are shown 
in table 1 which confirms in part the observations made by 
Boyer and coworkers (’42). Thus when the carotene supple- 
ment was removed from the ration of animal 468 there was an 
increase in spinal fluid pressure associated with a depression 
in plasma vitamin A, carotene, ascorbic acid and spinal fluid 
ascorbic acid values. The plasma ascorbic acid values were 
not depressed until after 441 days. However, the injection of 
1 gm. of ascorbic acid for a period of 13 days caused no de- 
pression in spinal fluid pressure. 

Practically all the plasma ascorbic values shown in table 1 
for animals 472 and 474 were low even before the removal of 
the alfalfa meal. These two animals had not been receiving 
sufficient carotene to maintain a normal spinal fluid pressure 
so that the low plasma values even before the removal of the 
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TABLE 1 


Effect of vitamin A deficiency on spinal fluid pressure ^ plasma and spinal 
fluid ascorbic acid values. 


AGE 

p 

las 

M A 

SPINAL FLUID 

.2 2 

11 i 

< 

AGE 

p 

LAS 

M A 

SPINAL FLUID 

Vitamin A 

! 

Carotene 

Ascorbic 

acid 

Vitamin A 

Carotene 

Ascorbic 

add 

Ascorbic 

add 

Pressure | 

i 

iiays 

ng./lOO ml. 

mg. ! 100 ml. 

mm. 

dnys 

fig./ 100 ml. 

mg. J 100 ml. 

mm. 






UgO 






HsO 



Animal 468 



Animal 472 (continued) 


367 

6.9 

38 

0.33 



419 

4.8 

25 

0.21 



371 

10.8 

33 

0.36 

3.72 

95 

426 

1.8 

10 

0.30 



392 

9.3 

29 

0.30 



433 

0.9 

6 

0.26 

2.42 

270 

406 

9.3 

37 

0.37 



440 

0.9 

4 

0.21 



413 

8.4 

39 


3.44 

100 

447 

1.8 

7 

0.22 

2.01 

210 

alfalfslmeal 

removed at 

417 days 


454 

3.1 

5 

0.23 



420 

6.3 

33 

0.43 


1 

461 

1.8 

7 

0.15 



427 

4.5 

23 

0.46 


1 

468 




0.66 

I.M 

434 

3.3 

17 

0.38 


1 







44] 

2.7 

12 

0.27 

1.02 

150 j 



Animal 474 



448 

0.9 

12 

0.20 


i 

359 

7.5 

25 

0.11 

3.07 

170 

455 

1.6 

10 


1.86 

240 ! 

380 

7.2 

32 

0.26 



462 

1.2 

8 

0.27 


1 

! 

387 

7.1 

25 




1 gm. 

ascorbic acid daily 

at 463 da vs 1 

394 

9.0 

34 

0.24 



469 

0.3 

10 

0.32 


1 

401 

3.9 

25 


2.67 

170 

476 



0.25 

1.42 

280 1 

alfalfa 

meal removed at 405 days 






1 

408 

6.3 

22 

0.33 





Animal 472 

1 

415 

2.7 

18 

0.33 



363 

6.0 

53 

0.13 


160 1 

439 

0.3 

9 

0.28 

1.59 

300 

377 

10.5 

40 




446 

0.9 

5 

0.23 



384 

10.5 

47 

0.14 


1 

453 

1.8 

3 

0.25 

1.49 

310 

398 

9.6 

29 

0.20 



460 


3 

0.22 



405 

10.8 

40 


2.18 

180 

467 

0.3 

4 

0.23 



alfalfa meal removed at 

409 days 


474 

l.ft 

2 

0.37 


255 

412 

9.0 

32 

0.2ft 


\ 








source of carotene would be expected and in line with the ob- 
servations of Boyer and coworkers ( ’42). 

The results with the second group of two calves are shown 
in table 2. When the source of carotene- was removed from 
the ration 3 gm. of chlorobutanol per day were added. In both 
calves the plasma vitamin A and carotene values decreased 
when the alfalfa meal was removed from the ration. The 
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chlorobutaiiol maintained normal ascorbic acid values in botli 
plasma and sfbnal fluid. Nevertheless, the spinal fluid pressure 
increased. When the chlorobutanol was discontinued and 1 
gm. of ascorbic acid per day was injected subcutaneously for 
10 days there was no decrease in spinal fluid pressure. 

TABLE 2 


Effect of feeding chlorobutanol on spinal fluid pressure y plasma and spinal 
fluid ascorbic acid values in vitamin A deficiency. 



p 

LAS 

M A 

SPINAL FLUID 


p 

las 

M A 

SPINAL FLUID 

.\GF. 

< 

s 

i 

es 

G 

£ 

o 

h 

.s? 

1- 

is 

V 

2 

a 

ai 

<a 

£ 

i 

1 

1 AGE 

1 

< 

B 

s 

« 

V 

B 

£ 

2 

.2 

Is 

ii 

Is 

V 

hi 

S 

r 


> 

S 


-S* 

04 

i 

> 

o 



£ 

days 

UpJlOO inl. mg,/ 100 ml. 

Animal 466 

mm. 

RJL) 

1 days 

tig./ 100 ml. mg./ 100 ml. 

Animal 467 

mm. 

BiO 

442 

11.7 

65 




403 

7.8 

71 

0.28 

2.40 

100 

449 

10.8 

64 


3.32 

90 

1 410 

11.4 

67 




456 

11.7 

59 




1 437 

10.2 

61 




465 

10.2 

59 

0.36 



1 424 

10.2 

62 

0.31 



484 

10.2 

58 

0.31 



: 431 

10.8 

73 




491 

13.2 

55 


2.81 

80 1 

445 

12.9 

73 


2.26 

105 

alfalfa meal removed at 499 days j 

alfalfa meal removed at 449 days 

498 

10.8 

68 

0.49 


1 

1 

452 

12.0 

59 

0..34 



5 gm. 

ehlorabutanol daily at 503 days 

3 gm. 

ehlorabutanol daily 

at 454 days 

50.’) 

9.0 

38 

0.59 



459 

6.3 

28 

0.38 



512 

5.7 

31 

0.44 



466 

6.3 

22 

0.28 



519 

3.3 

18 

0.28 

3.33 

190 

473 

4.2 

14 


2.15 

180 

526 

3.3 

17 

0.34 



480 

2.4 

12 

0.50 



533 

3.0 

12 

0.29 


200 

487 

3.3 

10 

0.44 

2.30 

210 

,540 

3.6 

14 

0.39 



494 

2.1 

5 

0.46 



cWorabutanol discontinued 


[ 501 

0.9 

9 

0.48 



1 gm. 

ascorbic acid daily at 544 days 

1 .508 


1 

0.33 

2.51 

250 

547 

2.1 

21 

0.51 



1 






554 

3.0 

19 

0.21 


300 

i 







The results of injecting ascorbic acid for a long period of 
time into calves on subminimal quantities of carotene are 
shown in table 3. As a result of the low level of carotene in- 
take the plasma vitamin A and carotene values were de- 
pressed. As a result of injecting 1 gm. of ascorbic acid per 
day the ascorbic acid values for plasma, whole blood and spinal 
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fluid were maintained at a normal level. However, the spinal 
fluid pressure increased. 

The results obtained with the three groups of calves show 
that ascorbic acid is not involved in the maintenance of a nor- 
mal spinal fluid pressure in vitamin A deficient calves as indi- 
cated by Boyer and co-workers (’42). When normal blood 
and spinal fluid ascorbic acid values were maintained by the 
feeding of chlorobutanol or the subcutaneous injection of 
ascorbic acid the spinal fluid pressure increased as the vitamin 

TABLB 3 


Effect of subcutaneous injection of ascorbic acid on spinal fluid pressure y plasma 
and spinal ascorbic acid valttes in vitamin A deficiency. 






WHOLE 






WHOLE 

SPlXAb 


P 1> A S M A 

BLOOD SPINAL FLUID 

1 

PLASMA 

BLOOD 

FLUID 

AGS 

Vitamin A 

Carotene 


Ascorbic 

acid 

Ascorbic 

acid 

Pressure 

AGE 

Vitamin A 

Carotene 

Ascorbic 

acid 

Ascorbic 

acid 

Ascorbic 

acid 

Pressure 

days naJlOOmi. 

mff, per 100 ml. 

mm. 

HiO 

1 day» 

pff.llOO mi. 

mp. 

per too ml. 

mm. 

HuO 




A nimal 88 




Animal 87 


109 

12.0 

36 

0.39 

0.83 



309 

12.6 

56 

0.39 

1.02 



116 

11.4 

26 

0.47 

0.67 



116 

35.0 

61 


0.67 



123 

21.0 

58 

0.45 

0.77 



123 

19.2 

76 

0.47 

1.07 



330 

13.1 

34 

0.42 

0.87 



130 

16.5 

76 

0.55 

1.06 



137 

13.1 

16 

0.44 

0.77 



137 

14.1 

51 

0.44 

0.77 



144 

5.7 

10 

0.30 

0.72 



144 

9.9 

20 

0.50 

0.93 



151 

3.3 

5 

0.41 

0.61 



151 

9.0 

7 

0.55 

0.63 



166 

5.7 

35 

0.46 

0,71 

3.12 

60 

166 

9.6 

36 

0.54 

0.81 

2.43 

60 

179 

7.5 

16 

0.23 

0.31 



179 

6.0 

35 


0.68 



1 gm. 

ascorbic acid per day 

at 181 

days 

1 gm 

. ascorbic acid per day at 381 days 

186 



0.53 

0.85 

3.45 

90 

186 



0.44 

0.79 

3.18 

90 

200 

2.1 

7 

0.37 

0.98 



200 

2.1 

6 

0.37 

1.01 



207 

0.9 

2 

0.36 

0.62 

3.07 

120 

207 

2.7 

4 

0.61 

0.95 

3.34 

90 

234 

1.2 

3 

0.51 

0.91 



214 

2.4 

5 

0.53 

1.01 



221 

4.2 

7 

0.44 

0.86 



221 

3.9 

8 

0.44 

0.87 



228 


5 

0.45 

0.78 

3.32 

200 

228 

1.5 

6 

0.46 

1.02 



235 

1.2 

2 

0.44 

0.70 



235 

0.6 

4 

0.31 

0.96 

3.37 

160 

242 

3.9 

7 

0.47 

0.83 

3.24 

220 

242 

8.9 

^ 5 

0.51 

0.90 



249 

3.6 

10 

0.54 

0.70 



249 

3.9 

5 

0.45 

0.70 



256 

3.9 

8 

0.56 

0.93 



256 



0.43 

0.83 



263 

2,1 

5 

0.37 

0.71 

3.01 

230 

263 

3.0 

3 

0.30 

0.90 

2.88 

J80 

270 

1.8 

5 

0.57 

0.76 



270 

2.4 

3 

0.55 

0.80 
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A deficiency progressed. Therefore, some other explanation 
for the mechanism of the increase in spinal fluid pressure in 
vitamin A deficiency in calves must be sought. 

Boyer and co-workers (’42) obtained a depression of spinal 
fluid pressure in three out of five calves by the subcutaneous 
injection of ascorbic acid. However, they make one very sig- 
nificant statement. “Administration of ascorbic acid for pe- 
riods longer than 1 week was impractical because of the mori- 
bund condition of the calves.” It should be noted that Moore 
and Sykes ( ’41 ) state in a paper prior to the one published by 
Boyer and co-workers (’42), “In two eases there was a ter- 
minal drop in pressure from a previously high level. Usually 
the animals in this condition had very little appetite, showed 
diarrhea and were more or less in a moribund state so that 
the drop was not surprising.” Apparently the Wisconsin 
workers injected ascorbic acid at a time when the calves 
naturally show'ed a drop in spinal fluid pressure because of 
their moribund condition. 

Boyer, Phillips and co-workers (’42) further suggest that 
ascorbic acid may have some direct bearing on bone anomalies 
characteristic of vitamin A deficiency. It is of considerable 
interest that after 12 months on a very low carotene intake the 
two calves considered in the present report which have re- 
ceived daily subcutaneous injections of ascorbic acid have 
gone blind due to constriction of the optic nerve as reported 
by Moore, Huffman and Duncan (’35). 

SUMMABY AND CONCI.,U8IONS 

1. Calves rendered severely vitamin A deficient showed an 
increased spinal fluid pressure accompanied by depressed 
ascorbic acid values in blood and spinal fluid. 

2. However, when normal ascorbic values in blood and 
spinal fluid were maintained by the feeding of cWorobutanol 
or the subcutaneous injection of ascorbic acid there was still 
an increase in spinal fluid pressure in the vitamin A deficient 
calves. 
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3. It must be concluded that the disturbance in the syn- 
thesis of ascorbic acid in the vitamin A deficient calf plays 
no part in the mechanism of the increased spinal fluid pressure 
in calves. 
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THREE FIGURES 
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The relation between nitrogen balance and absorbed nitro- 
gen in normal adult dogs was described by Allison and An- 
derson (’45) in the following equation: 

NB = K(AN)-NE„ (1) 

where NB is nitrogen balance, AN absorbed nitrogen, and 
NE„, the excretion of nitrogen on a protein-free diet. The 
value of K was constant in the region of negative nitrogen 
balance but it became a decreasing variable well on the posi- 
tive side. This value of K was described as a measure of the 
rate of change of nitrogen balance with respect to absorbed 
nitrogen, an index to the utilization of a protefai by the dog. 
If NEo is the so-called “endogenous” nitrogen then K be- 
comes the biological value defined by Thomas and elaborated 
by Mitchell and co-workers (Mitchell, ’44). Possibly K can be 
defined best as a nitrogen balance index. Seeley ( ’45) obtained 
data in bypoproteineraic dogs which suggested that this index 
may be greater in depleted than in normal dogs. His work 
revealed also, that the amount of regeneration of plasma 
protein was a function of the magnitude of the nitrogen 
balance produced. 

* These studies were accomplished through the support and cooperation of 
Sharp and Bohrne, Inc., E. E. Squibb and Sons, Arlington Chemical Company, 
Swift and Company, and Warner Institute for Therapeutic Research. 
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The following work was done on hypoproteinemic dogs to 
determine whether equation (1) describes nitrogen balance 
data obtained on depleted animals and if so whether deple- 
tion affects the value of K. Further information was sought 
also on the correlation between the regeneration of plasma 
proteins and nitrogen balance. 

METHODS 

The dogs were depleted in proteins by feeding a protein- 
free diet (Allison and Anderson, ’45) the process of depletion 
being speeded by plasmapheresis (Seeley, ’45). Depletion 
resulted in a decrease in plasma albumin which was reflected 
by a decrease in total plasma protein (Chow, Allison, Cole, 
and Seeley, ’45). The degree of depletion was estimated, 
therefore, by the magnitude of the decrease in total plasma 
protein which was calculated from nitrogen determinations 
using the micro Kjeldahl method. Previous studies proved 
that plasma proteins varied from 5.6 to 7.1, averaging 6.2 
gm.% in normal dogs (Allison, Dreskin, and Morris, ’41). 

The nitrogen balance studies were conducted similarly to 
those on nonnal dogs (Allison and Anderson, ’45). Protein- 
free feeding periods usually preceded and followed a period 
of nitrogen feeding. These periods lasted 4 days during which 
time the daily feces and urine samples were collected and 
pooled for analysis. Nitrogen was determined in the urine 
and in the feces by the micro Kjeldahl method. 

The technique used to study the regeneration of plasma 
proteins was the same as that described by Seeley (’45). 
Briefly, it was this. The dogs were depleted by feeding the 
protein-free diet and by a few days of plasmapheresis until 
the plasma protein concentration was between 4.0 and 4.5 gm. 
per 100 ml. plasma and essentially constant under the experi- 
mental conditions used. The depleted animals were fed pro- 
tein nitrogen for 5 days and then returned to the protein-free 
diet until the plasma protein concentration had returned to 
the former depleted level. Plasma protein in grams per cent 
was plotted against days and the area under the curves show- 
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iug the increase above the depleted concentration was taken as 
a measure of the amount of regeneration. 

RESULTS 

The data in figure 1 illustrate the relationship found be- 
tween nitrogen balance and absorbed nitrogen in normal and 
hypoproteinemic dogs fed casein. The first line represents 
average data previously published (Allison and Anderson, 
’45) obtained on normal dogs. Each of the other curves repre- 
sents data obtained on single animals which had undergone 
protein depletion so that the plasma proteins had been reduced 
to 4.6, 4.6, 4.1, and 4.1 gm. per 100 ml., respectively. The value 
for nitrogen balance at zero absorbed nitrogen (NE„ in equa- 
tion 1) varied for each dog around a mean during the series 
of experiments performed to establish the curve. Thus each 
curve was constructed by calculating all points to the average 
NEo. A straight line can be drawn which will include all these 
points satisfactorily. Equation (1) therefore, can be applied 
as a linear relationship to data obtained on hypoproteinemic 
as well as on normal dogs in negative or low positive nitrogen 
balance. 

Values from these same data for plasma protein concentra- 
tion, absorbed nitrogen at equilibrium, nitrogen excretion on 
a protein-free diet (NE,) and the slope of the line (K in equa- 
tion 1) are recorded under casein in table 1. These data prove 
that the amount of nitrogen necessary to maintain nitrogen 
equilibrium (absorbed nitrogen at equilibrium) in the de- 
pleted is less than in the normal animal. Similarly NE„ is re- 
duced in the hypoproteinemic dog. The reduction in the 
amount of nitrogen necessary to maintain equilibrium can be 
attributed in part, therefore, to reduced protein stores as re- 
flected by the reduction in NE„. But the value for K (biological 
value or nitrogen balance index) increases from an average of 
0.81 in the normal to 0.93 in the most depleted dogs. Thus, in- 
sofar as K measures retention of nitrogen, casein is utilized 
better in the depleted animals, another reason for the decrease 
in absorbed nitrogen at equilibrium. 
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ABSORBED NITROGEN 6ms/Doy/Sq.M. 

Fig. 1 Absorbed nitrogen gm./day/sq.M. plotted against nitrogen balance 
gm./day/sq.M. The first line represents average data obtained on normal dogs 
(Allison i^nd Anderson, ’45). The other four curves represent data obtained on 
individual hypoproteinemie dogs with plasma protein concentrations of 4.6, 4.6, 
4.1 and 4.1 gm. per cent, respectively. 



Fig. 2 Inline nitrogen gm./day/sq.M. plotted against time in days. The open 
circles represent data obtained while feeding protein-free diet, the solid circles data 
obtained while feeding protein nitrogen. See text for further description. 


The following derivation illustrates the significance of K' 
and “net protein” value headings for the last two columns in 
table 1. Absorbed nitrogen (AN) was calculated from in- 
gested nitrogen (NI), using the so-called time digestibility 
(D) as follows: 


AN = NI X D 


( 2 ) 
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Equation (1) can he rewritten therefore, as, 

NB = (K) (D) (NI) - NE„ (3) 

Digestibility has proven to be constant within experimental 
error so that, 

NB = K' (NI) _ NE„ (4) 

TABLE 1 

The effect of protein depletion, reflected in a decrease from normal in plasma 
protein concentration, vpon the evaluation of proteins or hydrolysates. 


DOG 

NO. 

PliASMA 

PROTEIN 

ABSORBED 

NITROGEN 

AT 

EQUI- 

NITROGEN 

EXCRETION 

ON PROTEIN- 
PREE DIET 

K 

k' 

NET 

PROTEIN 



lilBRItTM 

NEo 





gm./lOO ml 

gmJdttUl 
ttq M. 

pm. f day/ 

Kq M. 







Casein 




1 

6.2 

3.20 

2.59 

0.81 

0.77 

0.59 

31 

5.6 

2.55 

2.00 

0.79 

0.70 

0.54 

44 

4.6 

1.65 

1.47 

0.89 

0.83 

0.63 

42 

4.6 

1.55 

1.39 

0.90 

0.88 

0.67 

55 

4.1 

2.06 

1.90 

0.92 

0.92 

0.69 

28 

4.1 

1.73 

3.61 

0.93 

0.93 

0.71 



Casein hydrolysate 



44 

6.0 

2.15 

1.72 

0.80 

0.76 

0.59 

48 

5.7 

2.94 

2.32 

0.79 

0.79 

0.61 

31 

5.0 

1.49 

1.39 

0.93 

0.90 

0.70 



Commercial hydrolysate B 



44 

6.0 

2.15 

1.72 

0.80 

0.76 

0.59 

48 

5.2 

2.72 

2.28 

0.84 

0.84 

0.65 

31 

4.8 

1.90 

1.77 

0.93 

0.93 

0.72 



Commercial hydrolysate C 



60 

6.0 

4.60 

2.20 

0.48 

0.40 

0.18 

48 

5.0 

3.50 

2.10 

0.60 

0.52 

0.23 

55 

3.9 

2.42 

1.69 

0.70 

0.60 

0.26 




Protein A 




X 

6.2 

6.60 

2.50 

0.39 

0.32 

0.28 

50 

4.4 

2.90 

1.65 

0.57 

0.51 

0.45 

42 

4.0 

1.50 

1.10 

0.73 

0.66 

0..58 


^Data previously published (Allison and Anderson, '45). 
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where K' is the rate of change of nitrogen balance with respect 
to NI and is proportional to K in equation (1) through digesti- 
bility. K' increases even as does K with a tendency for the 
former value to approach K in the depleted animal suggest- 
ing that the factors involved in the calculation of digestibility 
are also altered by depletion. By multiplying K' by the frac- 
tion of protein in the source of dietary nitrogen, the “net 
protein” value is obtained. This value proposed by Mitchell 
( ’44) is a measure of the efficiency of the source to furnish 
protein nitrogen to the animal. 

Data similar to those obtained for casein are recorded in 
table 1 for a casein hydrolysate,® for commercial hydrolysates 
B * and C,^ and for a protein A derived from soybean. These 
data support the conclusions drawn from the casein data that 
the amount of nitrogen necessary to maintain the depleted dog 
is less than in the normal dog, a change which is reflected in d 
tendency for NE« to be reduced and for K or K' in equations 
(1) and (4), respectively, to increase. These data prove also 
that casein, the casein hydrolysate and commercial hydrolysate 
B are identical in value as measured by K or K' (values which 
may be called nitrogen balance indexes of absorbed and of 
total dietary nitrogen, respectively). 

The data in table 2 on dried egg white* (uncooked) have 
been separated from those in table 1 and given in somewhat 
more detail to emphasize results not observed with other pro- 
teins. The data on egg white fed to hypoproteinemic dogs are 
similar to the others in that absorbed nitrogen at equilibrium 
and NEo are decreased while K and K' and “net protein” 
value are increased above control values. There are however, 
outstanding differences. The value of K (0.96) which is higher 
than values obtained for the other proteins in normal dogs 
becomes greater than unity in the depleted animals. The data 

*The casein hydrolysate was supplied by Dr. Bacon F. Chow of the Squibb 
Institute for Medical Besearch. 

* Amigen (batch 10067) furnished by Dr. Warner M. Cox, Jr., of Mead Johnson 
and Company. 

* Hydrolysate C was a commercially prepared hydrolysate. 

* Manufactured by Swift and Company. This dried egg white is uncooked. 
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on dogs 54, 50, and 31 in table 2 are arranged chronologically, 
each determination of NE„ and NB requiring about 8 days, so 
that the entire experiment on each dog lasted approximately 
1 month. These data prove that values for K can be greater 
than unity in the depleted dog. Furthermore, continued feed- 
ing of egg white results in a reduction in the value of NE„ 
from approximately 1.8 to 1.45 gm./day/sq.M. accompanied 
by a drop in K from values greater than one to approximately 
unity. 

TABLE 2 

The effect of protein depletion^ reflected in a decrease from normal in plasma 
protein concentration ^ upon the evaluation of egg whited 


DOO 

NO, 

riiASMA 

I PROTEIN 

ABSORBED 

NITROGEN 

AN 

NITROGEN 

BAIiANOS 

NB 

NITROGEN 
EXCRETION 
ON PROTEIN- 
FREE DIET 
NE„ 

K 

K' 

NET 

PROTEIN 


gm./lOO ml. 

gm.fday/ 

nqM. 

gm./day/ 

aq.M. 

gm.fdayl 
sq M. 




a 

6,0 

2.50 

0 

2.55 

0.96 

0.91 

0.63 

54 

5.4 

1.87 

+ 0.19 

1.81 

1.07 

1.05 

0.76 


5.0 

0.89 

-0.48 

1.63 

1.29 

1.25 

0.91 


5.0 

1.44 

+ 0.01 

1.47 

1.03 

1.03 

0.75 

50 

4.7 

1.12 

— 0.56 

1.91 

1.20 

1.16 

0.84 


4.9 

0.84 

— 0.58 

1.49 

1.08 

1.08 

0.78 


4.9 

1.44 

-0.04 

1.45 

0.99 

0.99 

0.72 

31 

4.9 

1.63 

+ 0.30 

1.77 

1.27 

1.27 

0.92 


4.7 

0.85 

-0.37 

1.79 

1.67 

1.67 

1.19 


4.7 

1.26 

-0J7 

3.46 

1.02 

1.02 

0.76 


' A dried uncooked product made by Swift and Company. 
' Average data obtained on two normal dogs. 


The fraction of absorbed nitrogen retained in the body of 
the animal (BV) is defined strictly by the following equation. 

NB = (BV) (AN) — EN (5) 

where EN is the fraction of nitrogen excreted which can be 
attributed to body nitrogen (“endogenous”). For any given 
value for NB, equations (1) and (5) can be solved simultane- 
osuly to give : 


BN = NE.-AN (K-BV) 


( 6 ) 
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Equation (6) proves that if K in equation (1) is greater than 
BV, then EN becomes less than NE.. In this way egg white 
can conserve body nitrogen. Similarly conservation of body 
nitrogen by egg white in rats has been reported by Willman, 
Swanson, Stewart, Stevenson, and Brush (’45). Fractions 
of egg white are being prepared to try to isolate the amino 
acids or other substances which produce this interesting ef- 
fect. 

Correlations between values of K and the excretion of nitro- 
gen in the urine are illustrated by the data in figure 2. Daily 
excretion of urine nitrogen in gm./day/sq.M. are plotted in 
this figure, first when the animals were on a protein-free diet 
(open circles) followed by nitrogen feeding (solid circles) and 
then back on the protein-free diet (open circles). Curve I was 
obtained on a normal dog which received 1.84 gm./day/sq.M. 
of nitrogen in the casein hydrolysate ® during an 8-day feed- 
ing period. K was less than unity for this hydrolysate, the 
excretion of nitrogen in the urine increasing, therefore, dur- 
ing the nitrogen feeding period above that found for the pro- 
tein-free period. Curve II was obtained on a partially de- 
pleted dog receiving 1.44 gm./day/sq.M. of egg white nitrogen 
where the K value was very close to unity. When K is unity 
the excretion of urine nitrogen is independent of the quantity 
of food nitrogen fed. Curve III represents data obtained on a 
hypoproteinemic dog receiving 1.52 gm./day/sq.M. of egg 
white nitrogen. The K value being greater than unity, the 
urine nitrogen excreted during the nitrogen feeding period is 
less than during the protein-free feeding period. 

The relationships expressed by equation (1) and the others 
suggests that regeneration of body proteins would be most 
marked when the animal is in positive nitrogen balance. The 
data in figure 3 support this suggestion. Here plasma protein 
regeneration areas ( A plasma protein times day) are plotted 
against positive nitrogen balances produced. Regeneration 
areas,® described by Seeley ( ’45) and explained under methods 
in this paper are used to measure the effect of dietary pro- 

•Some of these data were derived from Seeley (M5). 



EVAIiUATIOK OP PROTEINS 


245 


teins on regeneration of plasma proteins in the depleted 
animal. The circles with the crosses in figure 3 illustrate 
data obtained by feeding bovine serum protein, the lowest 
point being obtained with 1.6 gm. of nitrogen/day/sq.M. of 
body surface, the second lowest with 3.4 gm. and the two 
higher points with 6.6 gm./day/sq.M, The circles with 
horizontal lines, rectangles, square, and open circles illus- 
trate data obtained by feeding 6.6 gm. of nitrogen/day/sq.M. 



Fig. 3 Regeneration areas (A protein times days) are plotted against positive 
nitrogen balances in gm./day/sq.M. The data was obtained on depleted dogs 
orally fed bovine serum protein (g), casein Q, casein hydrolysate []], hydrolysate B 
□ and hydrolysate C 0, respectively. The A represents data obtained on a de- 
pleted dog fed hydrolysate B intravenously. 

of commercial hydrolysate C,* casein hydrolysate,* com- 
mercial hydrolysate B,® and casein, respectively. The tri- 
angle describes one experiment when hydrolysate B was 
given intravenously at the rate of 8.0 gm./day/sq.M. These 
data prove that under the experimental conditions used, 
regeneration of plasma proteins increases regularly from 
practically zero near nitrogen equilibrium to high values 
when the dogs are kept well on the positive side of nitrogen 
balance. The amount of regeneration is a function of the 
nitrogen balance produced, and therefore of K and K'. These 
results support the conclusion of Melnick, Cowgill and Burack 
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(’36), that there is a correlation between the nitrogen balance 
produced and the amount of plasma protein regeneration. 
The kind of plasma protein regenerated, however, will depend 
upon the state of depletion of the animal and the pattern of 
amino acids fed (Seeley, ’45). 

SUMMABT 

The relationships between nitrogen balance and absorbed 
nitrogen and ingested nitrogen in normal and hypoprotein- 
emic dogs are described by the equations : 

NB = K (AN) - NE, 

NB = K' (NI) — NE. 

where NB is nitrogen balance, AN is absorbed nitrogen, NI is 
ingested nitrogen, and NE„ is the excretion of nitrogen on a 
protein-free diet. These are linear relationships, within ex- 
perimental error, in the regions of negative and low positive 
nitrogen balance. K and K' are functions of the retention of 
nitrogen by the animal and may be called biological values or 
nitrogen balance indexes of absorbed and ingested nitrogen 
respectively. 

The values for K, K' and “net protein” value increase, 
while those for absorbed nitrogen at equilibrium and NE* de- 
crease from normal in the hypoproteinemic dog. 

These constants are functions of, but not necessarily the 
fractions of, nitrogen retained in the body of the animal since 
values greater than unity have been obtained while feeding 
egg white to hypoproteinemic dogs. Continued feeding of egg 
white results in a decrease in the excretion of nitrogen on a 
protein-free diet (NE„). The data can be interpreted to mean 
that egg white spares body nitrogen. 

Regeneration of plasma protein increases in magnitude as 
the nitrogen balance increases on the positive side. Thus re- 
generation of tissue proteins in hypoproteinemic dogs as re- 
flected in the increase of plasma proteins is a function of the 
nitrogen balance produced and therefore of K or K'. 



EVALUATION OF PROTEINyS 


247 


LITERATURE CITED 

Allison, J. B., and J. A. Anderson 1945 The relation between absorbed nitro- 
gen, nitrogen balance and biological value of proteins in adult dogs. J. 
Nutrition, vol. 29, p. 413. 

Allison, J, B., H. 0. Dreskin and M. L. Morris 1941 Data and bibliography 
on some nitrogenous constituents of normal dogs' blood. Am. J, Vet. 
Res., vol. 2, p, 196. 

Chow, B. F., J. B. Allison, W. II. Cole and R. D. Seeley 1945 The effect of 
protein depletion on plasma proteins in the dog measured by electro- 
phoretic analysis. Proc. Soc. Exp. Biol, and Med., vol. 60, p. 14. 

Melnick, D., G. R. Cowgill and E. Burack 1936 The influence of diet upon 
the regeneration of serum protein. II. The potency ratios of serum 
protein, lactalbumin, and casein, and the effect of tissue protein catabo- 
lism on the formation of serum protein. J. Exp. Med., vol. 64, p. 897. 

Mit(’TIKLL, H. H. 1944 Determination of the nutritive value of proteins of food 
products. Ind. Eng. Chem., An. Ed., vol. 16, p. 696. 

Seeley, R. D. 1945 Nitrogen balance and plasma protein regeneration in hypo- 
proteinemic dogs. Am. J. Physiol., vol. 144, p. 369. 

Willman, W., P. P. Swanson, G, F. Stewart, G. T. Stevenson and M. Brush 
1945 Biological efficiency of egg proteins. Proc. Fed. Am. Soc. Exp. 
Biol., vol. 4, p. 164. 




THE EFFECT OF CHANGES IN DIET ON THE 
VOLUME AND COMPOSITION OF 
RAT MILKi 


ABTHUB J. MUELLEB AND WABBEN M. COX, JB. 
Department of Nutritional Besearch, Mead Johnson and Company, 
Evansville, Indiana 

FOUR FIGURES 

(Ecceived for publication September 10, 1945) 


The availability of a method to obtain milk from rats (Cox 
and Mueller, ’37) permits a new approach to studies on lac- 
tation. The present report deals with the variations in the 
composition of milk from rats on a standard diet, and the 
effect on yield and composition induced by variations in the 
protein, yeast and calcium and phosphorus levels. The com- 
position of cow’s milk must be related to the fact that the 
cow is a herbivore and that the major constituents of her diet 
are hay and grass. Changes in the diet of the cow are effected 
by change in the type of feed which may itself introduce 
changes other than the single constituent under observation. 
Thus, for example, two hays of different calcium content may 
be used in obtaining different calcium levels, and at the same 
time the proteins of the two hays may be of different nutri- 
tional value. Such difficulties are avoided when the rat is used 
as the experimental animal. 

EXPEBIMENTAL PEOCEDUBB AND EESTJLTS 

Stock rats. Thirty mature stock rats were milked once, 
18-20 days after parturition and the samples were each ana- 

*Pre|wnted at the Memphis meeting of the American Society of Biological 
Chemists, April 21-24, 1937. 
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lyzed for fat and total protein. Eighteen additional rats were 
similarly milked and calcium, phosphorus and magnesium de- 
termined on each sample. The data are summarized in table 1. 

The range of values for each constituent seems quite wide — 
but it is of the order commonly observed in surveys of the 
composition of cow’s milk (Tocher, ’25). Milk from individual 
cows varies widely in composition and even the pooled milk 
from twenty-four cows may vary as much as 1.0% in butter 
fat (H.M.S.O., ’35). The coefficients of variation given (table 
1) indicate that the protein, ash and magnesium content of 
rats’ milk are subject to the least fluctuation and, as might be 


TABLE 1 

Variations in the composition of milk from individual stock rats. 



NO. 

RATS 

MEAN 

! RANGE 

! 

1 STANDARD 
j DEVIATION 

' STANDARD ‘ 

1 ERROR 

1 

OOBF- 
FICIENT 
OF VARI- 
ATION 

Volume (ml./rat) 

30 

3.2 

i 3.0 - 5.9 

1.4 

1 ± 0.26 

43.7 

Protein % 

30 1 

13.3 

' 7.1 -19.6 

i 3.25 

i ±0.59 

1 

1 

24.4 

(N X 6.25) 

30 

10.4 

! 8.4 -14.8 

1.41 

± 0.26 

13.5 

Ash % 

18 1 

1.43 

1.15 - 1.83 

0.165 

± 0.040 

I 11.5 

Calcium % 

18 1 

0.325 

0.242- 0.447 

0.0585 

± 0.034 

18.0 

Phosphorus % 

18 

0.232 

0.175- 0.311 

0.0395 

± 0.0096 

17.0 

Magnesium % | 

18 1 

0.025 

0.021- 0.032 

0.0028 

± 0.00068 

11.2 


Iff ff 

“/ — used for first 3 rows ; -t "— — for last four. 
K N ^ V N“l 


expected, the widest variation was in the amount of milk 
obtained. There is some indication that the percentage pro- 
tein varies with the volume of milk. The correlation coefficient 
was — 0.52, which is 5.8 times its probable error. This is 
similar to findings on cow’s milk (Tocher, ’25). 

In the course of work to be described later, analyses for 
three mUk constituents for two successive milkings from the 
same rat were made (18th and 20th day of lactation). An op- 
portunity was thus available for determining whether the day 
to day variation in the composition of the milk from a single 
rat was equal to the differences observed between single 
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samples from individual rats. The fact that the rats so studied 
were on various diets does not detract from the validity of 
the differences between two values on the same individual. 
The standard deviations for the per cent fat, protein, and 
ash in rat milk (frpm table 1) are recorded in table 2 in order 
that they may be compared with the standard deviation in fat, 
protein and ash content of pairs of determinations on single 
rats. To calculate this value, the usual formula was 
applied to the plus or minus variation of the second from the 
first determination. In this way the first of each pair of ob- 
servations served as the base. 


TABLE 2 

Variations in the composition of milk obtained on successive milkings. 


! 

RATS MILKED ONLY ONCE 

RATS MILKED ON 18TH AND 

20th days 

CONSTITUENT 

1 

No Obfi 

Standard ' 

No obs. 

Standard 


deviation 

' deviation ^ 

1 

Fat 

30 

' 3.25 

28 

2.70 

Protein 

30 

' 1.41 

35 

1.46 

Ash 

i 

18 

0.165 

29 

0.199 


‘ Calculated by algebraically subtracting the second determination of each pair 
of observations from the first and determining a. 


The data indicate that the day to day variation in the com- 
position of milk is as great as the variation when single 
samples are obtained. It is impossible to obtain an entire 24- 
hour milk sample from rats and thus a strict comparison with 
cow’s milk cannot be made. 

Effect of dietary protein. Ten young mother rats were 
placed at parturition on each of six diets which differed only 
in protein (casein) content. Levels of 5, 10, 20, 30 and 50% 
casein were incorporated in diet no. 1 of Cox and Imboden 
(’36). The mother rats were milked on the eighteenth and 
twentieth days of lactation and as many analyses (for protein, 
fat and ash) run as was consistent with the volume of milk 
obtained. 
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The average total protein content (N. X 6.25) of the milk 
from the five groups was 9.8®, 9.6^®, 9.7^®, 10.0^®,* and 10.7^*, 
respectively. (The prime figures indicate the number of de- 
terminationE|.) While there seems to be a small increase in 
the protein content with increasing intake, J:he differences are 

amaU and not atatiatlcally signi&oant. Tins is in agToomeni 

with the general findings of Perkins ( ’32) on cows and others 
(Meigs, ’22). Adair (’25) observed that human mothers on a 
high protein diet produced more milk than did mothers on a 
high fat or high carbohydrate diet. No analyses of the milk 
were reported. 

Other constituents of the milk were somewhat modified by 
the protein intake. The per cent ash, per cent fat, the average 
volume of milk and the number and weight of young success- 
fully raised to 21 days of age are given in figure 1. With the 
exception of the difference in the per cent milk fat from rats 
on the 20- and 30% -level, the differences in this constituent are 

statistically significant, the significance ratio »/p.e.** ~+p.e.« 

falling between 3.9 and 4.9. The variations in ash content 
follow the trend of fat, but the differences for the former are 
not significant. 

As indicated in the curve, the volume of milk at low protein 
levels is greatly reduced, and this necessarily limits the 
growth and weight of young. It is interesting, however, that 
the average number of young raised by mothers on low pro- 
tein diets was only slightly less than the number raised on 
diets higher in protein, although their weight was markedly 
reduced. 

Calcium and phosphorus. One of the authors (Cox) and 
Imboden ( ’36) studied the effect of different levels and ratios 
of calcium and phosphorus on reproductive success. These 
studies were continued through the entire reproductive life of 
the rats (ten pregnancy cycles) and cannot be strictly com- 
pared with the observations below because a rat may raise 
one or more litters on a diet inadequate in calcium and phos- 
phorus with fair success, so that its inadequacy may be fully 
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demonstrated only in later life. It was believed of interest, 
however, to determine the degree to which the composition of 
milk could be influenced by the more severe rations employed 
in the earlier work. It was hoped that further information on 
the tolerance for high phosphorus rations at low calcium in- 

nAglflt \)6 obtained. Tbe rations employed are given m 
table 3. 



Figrure 1 Figure 4 

Fig. 1 The effect of the protein level of the maternal diet on the volume of 
milk obtained under standard conditions, the weight and number of young raised 
to 21 days, the ash and percentage fat of the milk. The values on the curve indi- 
cate the average number of young raised to 21 days. Ten rats were used on each 
diet. 

Fig. 4 The effect of reducing the yeast intake of lactating mother rats as 
measured by their loss in weight, volume of milk and weight and number of 
young. Yeast or yeast concentrate was the only source of B-vitamins in the diet. 
The values on the curve indicate the average number of young raised by the ten 
rats on each diet. 
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The experimental procedure was exactly the same as that 
employed in the studies just described, save that all diets 
contained 20% protein. The data are presented graphically 
in figures 2 and 3 and confirm the earlier finding that diets 
with high Ca/P ratios are not as well tolerated as diets equally 
unbalanced as regards phosphorus. On the high calcium diets 
(right hand portion of the curves) the mothers lost a great 
deal of weight in an effort to raise their young — even though 
the offspring were definitely subnormal in weight and appear- 
ance. On the other hand, the high phosphorus diets did not 
deleteriously affect the weight of the mothers, and young of 


TABLE 3 

Levels and ratios of calcium and phosphorus employed. 


DIET 

NO. 

1 

CALCIUM 

I'HOS- 

]>HORU8 

' ca/p 
RATIO i 

'^SUCCESS 
RATING" 1 

1 PIET 
!l NO. 

CALCIUM j 

PHOS- 

PHORUS 

1 ca/p 

RATIO 

"SUCCESS 
j RATING” > 

1 

1 1 

0.245 I 

% 

0.245 

1.0 j 

76.0 

6 

% 

i 0.490 

% i 

0.245 1 

2.0 

90.4 

2 

0.245 1 

0.490 

0.5 

79.9 

11 

i 0.735 1 

0.245 

1 3.0 

72.8 

a 

; 0.245 , 

0.735 

0.33 

, 93.6 

16 

! 1.225 I 

0.245 

5.0 

13.2 

4 

0.245 j 

1.225 

0.2 

83.5 

21 

' 2.450 ; 

0.245 

10.0 ! 

0.5 

5 

0.245 j 

2.450 

0.1 

10.3 

Stock 

' 0.45 i 

0.47 

1.1 

89.0 


* On 10 reproductive cycles (see table 2, Cox and Imboden, ^36). 


good average size resulted. The difference in number of young 
raised on the high phosphorus diets may be fortuitous be- 
cause more young were raised on diets with a P/Ca ratio of 
30 than on diets with P/Ca ratios of 3. The largest volume of 
milk was obtained at a Ca/P ratio of 2.0, but ratios higher 
than this resulted in rapid decline in milk production. This 
was not the case with diets unbalanced in terms of phosphorus. 

The composition of the milk was influenced only slightly, as 
indicated in figure 3. High phosphorus diets had practically 
no effect on the Ca, P, total ash or Ca/P ratio of the milk. 
With increase in dietary Ca/P ratio, however, there was 
progressive decrease in total ash, calcium and phosphorus. 
In this portion of the curve the Ca/P ratio of the milk in- 
creased with the Ca/P ratio of the diet, simultaneously with 
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10.0 50 30 20 10 20 30 5.0 100 


MINERAL RATIO IN DIET 

Fig. 2 The effect of various calcium and phosphorus levels in the maternal 
diet on the volume milk, the weight and number of young raised to 21 days of age, 
and the change in weight of the mother rats during lactation. High phosphorus 
diets are on the left, and high calcium diets on the right of the center line. At a 
Ca/P ratio of 1.0, the diet contained 0.245% calcium and 0.245% phosphorus. 
The values on the curve indicate the average number of young raised by the ten 
rats on each diet. 



100 50 30 2 0 14) 241 ao 50 10.0 


^/ca cyp 

mineral ratio in MET 

Pig. 3 The effect of changes in calcium and phosphorus levels of the maternal 
diet on the inorganic constituents of the milk. 
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a decrease in the absolute amounts of both calcium and 
phosphorus. 

Yeast. To determine the etfect of yeast, ten rats at parturi- 
tion were placed on the basal diet (no. 1) save that the protein 
level was adjusted to 10% casein. Levels of 8, 4, 2, 1 and 0% 
yeast were used. The controls received 4% of a B-eomplex 
concentrate. Half the mothers were kept on wire screens 
during lactation, and the other half on shavings, but as no 
essential difference was observed in the behavior of these 
subgroups, the results have been averaged for presentation 
(fig. 4 and table 4). 

TABLE 4 

Effect of decreasing yeast on the composition of milk} 


DIET j 

YEAST 

FAT 

1 PROTEIN 

ASH 

60 

4% Cone. 

% 

16.40(19) 

% 

9.71(20) 

% 

1.40(18) 

61 

8 

15.16 (8) 

8.83 (8) 

1.24 (8) 

62 

4 

15.46(14') 

8.91(14) 

1.10(13) 

63 ! 

2 

1!3.49 (7) 

9.10 (8) 

1.26 (7) 

64 

.1 

1.5.49(10) 

9.74(10) 

1.10 (8) 

65 

0 

17.63 (8) 

10.15 (8) 

1 1.28 (6) 


^ The figures within parentheses indicate the number of determinations. 


The limiting factor in all diets was the 10% casein level, 
and this accounts for the small size of young on 4% yeast 
concentrate, and 8% yeast. Differences from the findings on 
these two control diets are attributed to the level of yeast, al- 
though there was progressive reduction in the intake of yeast 
protein. 

It is evident from figure 4 that decreasing amounts of yeast 
(the sole source of the B-f actors in the diet) constitute a 
progressive drain on the maternal organism, as indicated by 
her loss in weight during lactation, a reduced volume of milk, 
and the size of young. 

The fact that young could be raised on no yeast intake, 
during a period when the B-requirement is increased, is a 
point of considerable interest. It is generally believed that 
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vitamin B is not stored in the tissues so that the partial suc- 
cess in lactation on a B-deficient diet may he an expression of 
the time necessary for a B-deficiency to develop, or is related 
to the intestinal bacterial synthesis of B as recently reported 
by Najjar and Holt (’43). It should also be noted that the 
maximum effect of lack of yeast was in the loss in weight of 
the mothers, and in reduced milk volume rather than in any 
large weight difference in the offspring. The weight of young 
for 4, 2 and 1% yeast was the same, but this was accomplished 
at the expense of the weight of the mother. 

Table 4 gives the percentages of fat, protein and ash in 
the milk. No significant change in any component was noted. 

DISCUSSION 

Scientific feeding for milk production is based on such a 
volume of work that it is not surprising that observations 
with rats do not disclose hitherto unrecognized facts. This 
applies particularly to the study of protein level, but it is of 
interest to know that the dietary factors affecting milk secre- 
tion in omnivora are similar to those which operate in herbi- 
vora. Thus, increase in protein intake does not materially 
change the per cent of milk protein, hut does definitely in- 
crease milk volume. This is apparently true in cows, rats and 
humans. In our experiments increase in milk volume resulted 
in larger young but this could not be demonstrated in Adair’s 
( ’25) human observations (probably because of complemental 
feedings). 

In spite of wide variations in mineral intake, the Ca/P ratio 
of rats’ milk is maintained fairly constant between 1.4 and 1.7 
although the total range was from 1.4 to 2.0. The chief effect 
of high calcium low phosphorus diets is not only to increase 
the Ca/P ratio of the milk but more significantly to decrease 
the total amount of calcium secreted. Thus, on diets numbered 
1, 2, 3, 4, 5 and 6, a total of 5-10 mg. of calcium was secreted 
(under the technique described), while on diets 11 and 16, 
only 2.6 and 1.3 mg., respectively, was secreted. Thus, when 
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rachitogenic diets are fed, the young suffer most acutely from 
a calcium deficiency and therefore do not grow. 

Corresponding to the low absolute amount of calcium se- 
creted, the per cent of calcium in the milk on these high calcium 
rations was low (fig. 3). The number of determinations on 
each diet was not large (5-8) and individual variation in rats 
resulted in a large standard deviation. The differences be- 
tween adjacent points (as between diets 1 and 6, and 6 and 11) 
have no statistical significance (significance ratios were 1.6 
and 2.0, respectively) but the significance ratio for diets 1 and 
11 was 3.1. The trend is sufficiently distinct to indicate the 
detrimental effect of high calcium diets on the calcium content 
of the milk. The food intake of lactating rats is not easily 
measurable but qualitative observations indicated that with 
the exception of diet no. 21 (table 3) the rats on the mineral- 
ized rations and on those containing different levels of yeast, 
consumed approximately the usual amount of food. 

SUMMARY AND CONCLUSIONS 

Milk from individual stock rats has been analyzed for pro- 
tein, fat, ash, calcium, phosphorus and magnesium. 

The effect of changes in the diet of lactating rats has been 
studied by observing the change in composition of the milk, 
the number and size of young raised, and the effect of the diet 
on the mother rat. It is concluded that ; 

1. Increase in the protein intake results in increased milk 
yield, but no significant change in the per cent protein in the 
milk. 

2. High calcium diets result in decrease in both milk 
volume and the percentage of calcium and phosphorus in the 
milk, with consequent decrease in the total amount of calcium 
and phosphorus secreted. High phosphorus diets had no 
demonstrable effect on these milk constituents. 

3. Decrease in the intake of yeast decreases the volume of 
milk, the size of nursing young, and causes severe weight loss 
in the lactating mothers, without changing significantly the 
composition of the milk. 
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THE NUTHITIVE VALUE OF THE PROTEIN IN 
TOBACCO-SEED OILMEAL ^ 

KABI. E. EAPP, J. T. SKINNER AND J. S. McHARGUE 
, Department of Chemistry j KentucTcy Agricultural Experiment Station, 
University of Kentuclry, Lexington 

THREE FIGURES 

(Ee^^eived for publication September 24, 1945) 


^[itchell, Hamilton and Beadles (’45) have pointed out 
that the various seed meals, as potential sources of protein 
for nutrition, are too often neglected in the quest for higher 
yields of oil. Vickery et al. (’32) investigating the nutritive 
properties of seed from Connecticut shad(‘-grown tobacco 
found Ihe whole ground seed to support good growth in albino 
rats and mice. Their chemical separation of various nitro- 
genous fractions proves the presence of certain amino acids. 
Since tobacco-seed oilmeal contains 36% crude protein on the 
oil-free basis, investigation of the nutritive value of this po- 
tential source of dietary protein appeared desirable. 

A cold-pressed meal, containing about 30% crude protein 
and -21 oil, was used in this investigation to avoid any pos- 
sible alteration of the proteins during evaporation of the oil 
solvent. 

EXPERIMENTAL DATA 
Growth promotion studios 

For the growth studies weanling rats weighing 40-50 gm 
were transferred from the stock colony to group cages and 
fed ad libitum the respective experimental diets. With two 

' The investigation reported in this paper is in eoniiectioii with a project of the 
Kentucky Agricultural Experiment Station and is published by permission of the 
Director. 
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exceptions each group of rats fed a given ration consisted of 
equal numbers of males and females. 

The tobacco-seed oilmeal fed in both phases of the investiga- 
tion was prepared by subjecting fine-ground seed to a pressure 
of 2500 Ibs./sq. in. in a Carver press until no more oil was 
obtained. This fresh meal was incorporated immediately into 
rations or stored in the refrigerator until needed. Although 
the composition of various batches of pressed seed ditTered 
slightly, the following data, obtained upon the meal used for 

TABLE 1 

Composition of ratio7is used in dvicrminhig ihe nuirilivc value of tobacco-seed as 

a source of protein. 


RATION NIIMBKR 


CONST fTUKNT 

128 

138 

140 

142 

144 

148 

150 

152 

154 

156 

Tobacco-seed oilmeal ' 
Cornmeal 

60.0 

33.3 

63.3 

33.3 

33.3 

33.3 

23.1 

33.3 

33.3 

33.3 

33.3 

50.0 

Rolled oats 



35.3 


13.8 






8kimmilk powder 

Casein 

Lactalbumin 

Gelatin 

Wheat gluten 




34.0 

4.7 

5.0 

.5.0 

5.0 

.5.0 


Glucose 

38.0 


28.4 

49.7 

26.3 

58.7 

58.7 

58.7 

58.7 

47.0 

Salts * 

Sodium chloride 

1.0 

2.4 

2.0 

2.0 

2.0 

2.0 

2.0 

2.0 

2.0 

2.0 

Fortified corn oil “ 

1.0 

1.0 

1,0 

1.0 

1.0 

3.0 

3.0 

3.0 

1.0 

3.0 


' Projmred by pressing ground seed in a Carver laboratory press. 
^ For composition, see Skinner and McHargue (’45). 


determination of the biological value of protein are typical: 
crude protein (N X 5..34),* 25.8% ; ether extract, 21.5% ; crude 
fiber, 24.5% ; moisture, 5.0%. Composition of rations is given 
in table 3. These were prepared fresh at least weekly. 

Because sex played no significant role in rate of growth of 
rats fed the various rations, growth curves in fig-ures 1-3 
show the average weight of both sexes. 

“Vickery et al. ('32) advocate the use of 5.34 instead of the usual 6.25 due to 
the high nitrogen content of the principal globulin of tobacco set'd. 
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Thi-co groups of rats M'ore feci tobacco-seed oilineal as tbe 
sole source of protein. Two of these groups received dilTer- 
ent lots of ration 128, one* of which contained tobacco-seed oil- 
meal wliich liad been autoclaved for an hour at a pressure of 
If) Ibs./sq. in. Both rations contained 18% protein. The third 
group was fed ration 156 containing 15% unheated protein. 
In figure 1 it will be seen that rats grew about J faster at the 
18% level of intake than at the 15%' level. The average in- 
cj'eases in weight during the first 6 weeks were 32 and 23 gni, 
respectively. The poor growth of the remaining gi'oup, 12 gm 
in 6 weeks, suggests that the proteins of tobacco sec*d were 
damaged by the heat trc'atment. The curve shows that no im- 
]»rovement resulted from addition of 0.3% cystine to the ration. 



1 Gro5vtli iat(‘ ot* animals with tobacco-seed oilineal as the sole source of 
juotein. First tiM) curves show relationship of growth to level of protein intake. 
Third curve demonstrates detrimental effect of autoclaving the meal. Numerals 
above tlie cur\es indicate the number of animals fed each ration. 


Since preliminary experiments demonstrated that proteins 
of tobacco-seed oilmeal alone sujiport only slow growth, the 
next experiments were designed to ascertain the nature of 
the deficiency. Accordingly, four rations (148, 150, 152, and 
154) w'ere devised to demonstrate the supplementary value of 
casein, lactalbumin, gelatin and wheat gluten, respectively. 
They were incorporated at a level of 5% into rations con- 
taining sufficient tobacco-seed oilmeal to furnish 10 % crude 
protein. Tt will be observed in figure 2 that fair growth was 
obtained on rations containing casein and lactalbumin supple- 
ments (rations 148 and 150, re.speetively). The response to 
supplementation with gelatin was less pronounced and was 
uninfluenced by addition of 0.5% cystine to the ration. Wheat 
gluten was even less satisfactory than gelatin as a supple- 
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ment for tobacco-seed protein. Of interest is the fact that 
during a period of 6 weeks the average gain of rats in the 
gluten group was 22 gm as compared with the gain, previously 
noted of 23 gm by rats consuming ration 156 in which 15% 
crude protein was furnished by tobacco-seed oilmeal alone. 
Since gluten is known to be deficient in lysine, it appeared 
probable that the proteins of tobacco-seed oilmeal were also 
deficient in this amino acid. That this is true was shown by 
the growth of six rats which for 4 weeks were fed ration 156 
to which 0.5% of lysine monohydrochloride was added. Dur- 
ing this period the average gain was 62 gm, exactly the in- 
crease in weight made by the rats fed the casein supplement 
(ration 148). 



Fig. 2 Growth on tobacco-seed oilmeal with supplements of other proteins or 
lysine. First four curves represent animals fed tobacco-seed oilmeal at 10% 
protein level with 5% supplements of the proteins indicated. The last curve 
shows growth on tobacco-seed oilmeal at 16% protein level with addition of 0.5% 
lysine hydrochloride. Numerals above the curves indicate the number of animals 
fed each ration. 


Use of a product such as tobacco-seed oilmeal as a major 
source of protein in rations can become practicable only if 
amino-acid deficiencies thereof are corrected by those ma- 
terials which find frequent use in animal feeding. With this 
in- mind, four additional rations (138, 140, 142, and 144) were 
fed to weanling rats for a period of 6 veeks. Each ration 
contained sufficient tobacco-seed oilmeal (33.3%) to furnish 
10% crude protein. In three of them an additional 5% of 
protein was contributed by dried skimmilk, rolled oats, and 
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cornmeal, respectively. For the fourth ration (ration 144) 
these ingredients were added in such proportions that each 
contributed i of the supplementary protein. Since casein and 
lactalbumin when fed singly had proven to be effective sup- 
plements for tobacco-seed protein, it was expected that dried 
skimmilk would produce satisfactory response in growth. Upon 
examination of the growth curve for rats fed this supplement 
(fig. 3) it will be seen that the slope is almost the same as 
when casein was added at a level of 5% (fig. 2). Failure of 
cornmeal greatly to enhance growth on tobacco-seed protein 



Fig. 3 Growth on tobacco-seed oilmeal with supplements of other protein- 
containing foods. All curves represent animals fed tobaceo*seed oilmeal at 10% 
protein level with 5% protein supplements supplied by the foods indicated. In 
ration 144 each of the foods furnished i of the supplementary protein. Numerals 
above curves indicate the number of animals fed each ration. 


was doubtless due to its low content of lysine. Rolled oats 
and the mixture of the three supplements were of approxi- 
mately equal value in correcting the deficiencies of tobacco- 
seed protein. 

Determination of digestibility and biological value 

In order to ascertain the coefficients of digestibility and the 
relative biological values of the proteins of tobacco-seed oil- 
meal and milk, five pairs of young male rats were carried 
through the entire series of feeding periods, which lasted for 
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68 days. Each pair consisted of brothers of approximately 
the same initial weight. They were pair-fed (Mitchell and 
Beadles, ’30) according to the reversal procedure of Mitchell 
et al. ( ’45) throughout the investigation. 

The rats were housed in glass cages for collection of urine 
and feces. The cage proper consisted of a 1-gallon glass 
jug from which the bottom was removed by cutting off ap- 
proximately 1 inch above the base. A tripod 5 inches in diam- 
eter and 9 inches high supported the inverted jug securely at 
a satisfactory height above the table. 

The false bottom, cut from i-inch mesh wire, was suspended 
by wires from the rim ,of the inverted jug; the depth to which 
it was lowered into the jug depended upon the size of the rat. 
A circular piece, of wire gauze 3 inches in diameter was laid 
above'" the neck of the jug to retain the feces. In most in- 
stances the feces were deflected to the gauze thereby prevent- 
ing to a great extent subsequent contamination with urine. 
A loop of fine wire attached rigidly to the wire gauze served 
as a handle by which it could be conveniently lifted from the 
cage so as to facilitate collection of the fecal pellets. The neck 
of the bottle was provided with a tightly fitting rubber stop- 
per carrying a glass tube of such length that it extended about 
2 inches into the 200-ml Erlenmeyer flask which served as a 
receptacle for the urine. A small quantity of 0.1 N sulfuric 
acid in the latter prevented growth of bacteria and loss of 
ammonia. The feces were removed daily, at which time re- 
sidual urine was removed from the walls by washing with a 
stream of hot 0.1 N sulfuric acid until the total volume in the 
receiving flask was approximately 150 ml. During a given 
period, urinarj’' samples for each animal were filtered through 
glass wool to remove particles of feed, combined in a 2^-liter 
bottle and preserved with thymol. Daily fecal samples like- 
wise were combined and preserved under 95% alcohol con- 
taining a few drops of sulfuric acid. Collection periods, which 
were of 7 days’ duration, were preceded by transition periods 
either 3 or 5 (usually 5) days in length. All nitrogen deter- 
minations on feces, urine and rations were made according 



\ pabTanre nr Ktritaarroiif , ^ 

to t!^ CNnming method in the O^ial and Tentati^rMeihode 
af jibial^is ( *40) mth the use of seleninm as a eatalyat as 
d^HacziW by Lanro ( ’31). 

ConopMsition of the rations used in the determination of 
biolo^cal valnes is given in table 2. In order to eliminate 
variables mnong these rations (IBIA, 161B, 1610 and 1611)) 
snfBeieht tobaoco-seed oil and Oelln Moor * were incorporated 
into 161B and 1610 to' raise the fat and fiber content to that 
of the two rations containing tobacco-seed oilmeaL All ra- 


TABUe 3 

Composition of raUono need in the determination of hiologiodl values. 


isroHfiTifivra wm 


UAVtOJX Kulcsm 


VUJI vTXTv S JIT 

161A 

161B 

1610 

1611> 

Tobftcco^seed oilmeal * 
Sldntmilk powder 

Dried egg * 

33.1 

29.8 

5.4 


Glucose 

63.0 

38.8 

61.1 


Salte» ' 

2.6 

1.6 

3.7 


B Titamins * 

0.3 

0.3 

0.3 


Fortified com oil* 

1.0 

1.0 

1.0 


Tobaiico-seed oil* 


7.1 

7.1 


OelHi Flour 


21.4 

21.4 



Bation 161A 99.5 

)ly8itie monohydroehloride 0.5 


' Prepared by pressing ground seed in a Osrw laboratory press. 

*For composition, see Skinner and MoHargne (’45). 

* Dried below 60^0. and extracted with c^^er. ^ 

tions contained approximately 10% protein except the stand- 
ardizing e^ ration (Mitchell and Carman, ’26) in which the 
concentration of protein was only 4%. Each ration was pre- 
pared in quantity sufficient for the entire metabolic period 
ahd stored in the refrigerator. 

Since it has been reported by Mitchell (’24a) that the 
metabolic nitrogen and endogenous urinary nitrogen of a 
given rat cluinge with time, each animal was placed on the 

innSttSt fnm CUeaao Dtetetie Snpplf House, <^ntid]tiiig 

stm mto Wbat, 
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standardizing egg ration once near the beginning and once 
near the end of the experiment. In this way two values were 
obtained and plotted which permitted a specific value to be 
interpolated or extrapolated for each animal during the test 
period under observation. 

From the nitrogen metabolism data taken the coefficients 
of true digestibility and biological values were computed in 
the usual way. The values thus obtained are reported for 

TABLE S 


A comparison of the digesiihility and biological value of the protein of tobacco- 
seed oilmeal with the protein of sTcimmilJc powder. 


RAT 

TOBAOCO-SKKD OILMEAL 

TOBACCO-SKKD OILMEAL 
PLUS LYSINE 

SXIMMILK POWDER 

NO. 

True Biological 

diReRtibilitV value 

True 

dijneRtibilitv 

BioloRical 

value 

True 

diRestibility 

Biological 

value 

1 

72 * 

60* 



99 

83 

2 

78* 

49* 



98 

87 

3 

78' 

58* 



100 

80 

4 

78* 

53* 



96 

89 

5 

82* 

54* 



96 

76 

6 

78 

47 

77 

74 

95* 

65* 

7 

77 

47 

75 

72 

92* 

78* 

8 

79 

52 

80 

70 

97* 

80* 

9 

79 

45 

79 

79 

96* 

72* 

10 

79 

49 

82 

74 

97* 

75* 

Avg. 

78.0 

51.4 

78.6 

73.8 

96.6 

78.5 

Avg. 

1-5 

77.6 

54.8 



97.8 

83.0 

Avg. 

6-10 

78.4 

48.0 

78,6 

73.8 

95.4 

74.0 

^ Average values of two 

or more 

test periods. 





each animal in table 3. Averages of the individual values are 
recorded whenever an animal was fed a given ration during 
more than one period. 


DISetJSSrON OF RESULTS 

Although a ration containing tobacco-seed oilmeal as the 
sole source of protein would be incomplete, the results indicate 
that this material may serve satisfactorily as a source of 
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dietary protein when fed in combination with other materials 
of moderately high lysine content. As Mitchell (’43) has 
pointed out, the value of a given protein as a supplement is 
probably more important than its biological value alone since 
few diets contain only one source of protein. 

In the digestibility determinations the relatively high fiber 
content (8%) apparently had no effect upon the true digesti- 
bility since the values for skimmilk powder are in agreement 
with those reported by Mitchell (’24 b). This fact was also 
observed by Adolph and AVu ( ’34) using much higher concen- 
trations of roughage. Results in table 3 show’ that rats 1-5 
were, as a group, more efficient in utilization of protein con- 
sumed than their pair mates. The average biological value of 
tobacco-seed oilmeal protein when calculated from data ob- 
tained upon these rats was 54.8 as compared with 48.0 for 
rats 6-10. AVith skimmilk protein the biological values ob- 
served in the two groups as named were 83.0 and 74.0. Con- 
sidering rats 6-10 since they only were fed the ration contain- 
ing added lysine, it will be seen that this amino acid did not 
change the true digestibility but raised the biological value 
of the oilmeal protein from 48.0 to 73.8, approximately that 
found for skimmilk protein when fed to the same rats. These 
numerical values explain why the slopes of the grow’th curve 
for lysine supplemented ration (fig. 2) and that for the ration 
supplemented with skimmilk (fig. 3) are equal. 

Mitchell and Carman (’24) have called attention to the 
superiority of “net protein” value to either digestibility or 
biological value alone as a basis for rating sources of dietary 
protein. Total protein content as well as the two other factors 
is involved in the calculation of this value. Pressed tobacco- 
seed oilmeal above gives a net protein value of 10.8% and 
with lysine 16.7%. Assuming no change in digestibility or 
biological value tobacco-seed oilmeal (extracted at less than 
70°C.) gives a net protein value of 14.3%. Comparison with 
the net protein values of 21.3% for raw soy flour (Mitchell et 
al., ’45), 10.6, 5.0, 3.5, and 6.0% for rolled oats, white flour, 
whole corn and navy beans, respectively, (Mitchell, ’27) proves 



270 


KABL E. BAPP AND OXHEES 


the above forms of tobacco-seed oilmeal to rank high as a 
source of dietary protein. 

The results of a previous investigation (Bapp et al., ’46) 
show that although use of the cold-pressed oilmeal with its 
residual oil content was suitable for these experiments, the 
commercial storage problem created by the susceptibility of 
the oil to oxidation would very probably necessitate utiliza- 
tion of oil-free meal as a source of dietary protein. 

SUMMAEY 

1. When tobacco-seed oilmeal was fed to rats at levels of 
15 to 18% protein, the rats made only slow growth. The oil- 
meal was proved to be deficient in lysine. 

2. When a ration containing tobacco-seed oilmeal as the 
source of protein was supplemented with casein, lactalbumin, 
skimmilk powder, or lysine, good growth was obtained. Rolled 
oats, cornmeal and gelatin were less satisfactory supplements 
to the oilmeal protein. Addition of wheat gluten was no more 
effective than increasing the proportion of tobacco-seed oil- 
meal so as to equalize the protein content of the two rations. 

3. The biological values of the protein of tobacco-seed oil- 
meal and skimmilk powder when fed at a level of 10% were 
51.4 and 78.5, respectively. Values for true digestibility of 
the two in the order named were 78.0 and 96.6. The biological 
value of the oilmeal protein when supplemented with lysine 
was approximately that of milk proteins. 

4. Because of its relatively high net protein value tobacco- 
seed oilmeal deserves consideration as a source of dietary 
protein. 
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Under present methods of producing tobacco in Kentucky, 
seed are used only for starting the following year’s crop. 
However, with the increased practice of priming tobacco it is 
likely that a considerable quantity of seed could be produced 
without seriously affecting the quality of the leaf, provided a 
sufficient demand for the byproducts from the seed were 
created. 

Mendel and Vickery (’32), investigating whole ground to- 
bacco seed, obtained good growth with albino rats and mice 
even when the diet was 99% ground tobacco seed. Previous 
investigations at this Station by Scherffius and Woosley ( ’09) 
and McIIargue et al. ( ’42) show that Kentucky tobacco seed 
contains about 40%. of oil which has drying properties. 

Although association of drying oils and nutrition is un- 
common, Kaufmann (’41) reported that oil from the seed of 
certain European tobaccos can be used in foods. The purpose 
of this investigation was to ascertain the nutritive value of 
thh oil from the seed of Nicotiana tabacum, which is commonly 
grown in Kentucky. 

EXPERIMENTAL DATA 

Before starting the feeding experiments, tobacco seed was 

analyzed for nicotine and nornicotine. Neither pf these sub- 

♦ 

' The investigation reported in this paper is in connection with a project of the 
Kentucky Agricultural Experiment Station and is published by permission of 
the Director. 
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stances was found. This is in agreement with the results re- 
ported by Vickery and Pucher ( ’30) investigating the mature 
seed of Connecticut shade-grown tobacco. II ’in (’29) found 
that immature seed contained small amounts of the alkaloids 
and Mendel and Vickery (’32) reported the detection of nico- 
tine in the sprouts and cotyledons after 9 to 11 days germina- 
tion. However the latter investigators go on to show that this 
has little or no etfect upon the nutritive properties of the seed. 

The composition of each experimental ration used in this 
investigation is shown in table 1. 

TABLte 1 


Composition of rations (per cent). 


OONSyiTUKNTS 

RATION A 

RATION B 

RATION C 

RATION D 

RATION K 

Fat or oil* 

0 

5 

15 

30 

30 

Casein * 

18 

19.1 

21.4 

24.7 

24.7 

Glucose 

76.7 

70.3 

57.3 

38.2 

38.2 

Salt mixture* 

5.0 

5.3 

6.0 

6.8 

6.8 

Vitamin supplements* 

0.3 

0.3 

0.3 

0.3 

0.3 


'Butterfat was obtained from melted creamery butter. The cotton -seed oil was 
a refined product sold for human consumption. Total tobacco-seed oil used in ra- 
tions B~l) was obtained by extraction with a low-boiling petroleum fraction, evap- 
oration of the solvent and partial bleaching with fuller’s earth. Bation E related 
only to pressed tobacco-seed oil which was untreated. 

*Batio of protein to energy intake remained constant throughout. 

* Approximately that of Phillips and Hart (’35). Batio of salts to energy intake 
remained constant throughout. 

^Skinner and HcHargue (’45) except that fat-soluble vitamins were dissolved 
in ether. 


Diffestibility determinations 

Digestibility coefficients of tobacco-seed oil, cotton-seed oil 
and butterfat were determined with ad libitum feeding at 
three levels of fat intake on three groups of four young adult 
male rats, housed in individual wire cages. Each digestion 
period lasted 9 days and consisted of a 2-day transition period 
followed by 7 days during which food consumption was re- 
corded and feces were collected daily, placed in bottles and kept 
in a refrigerator. During the initial digestion period each ani- 
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mal was fed fat-free ration A. In subsequent periods rations B, 
C and D (containing 5, 15 and 30% fat, respectively) were 
fed in the order named, one group of animals receiving to- 
bacco-seed oil at the three levels, another cotton-seed oil and 
the third butterfat. All rations were kept in the refrigerator. 
At the end of a given 7-day collection period the pooled feces 
of each animal were dried at 100® C. and extracted with ether 
to determine the amount of fat excreted. The fat excreted on 
ration A was considered metabolic fat and the relationship 
between metabolic fat and fat-free food intake was assumed 


TABLE 2 

Coefficients of digestibility (per cent). 


OIL OE FAT IN 

AT 5% LEVEL 

AT 15% LEVEL 

AT 30 % LEVEL 

RATION 

Averase 

Bange 

Average 

Range 

Average 

Range 

Tobacco- seed oil 

97.6 

97.5-98.8 

97.8 

97.2-98.2 

98.2 

98.0-98.4 

Cotton-seed oil 

99.4 

99.0-99.5 

99.0 

98.9-99.2 

99.0 

98.7-99.2 

Butterfat 

98.4 

97.7-99.2 

97.7 

95.5-98.8 

98.4 

97.2-98.9 



TABLE 8 






Iodine number (Hanus). 



OIL OR FAT IN 


INOESTEO 

FAT EXCRETED BT OROVP WHEN FED 

RATION 


FAT OR OIL 

No fat 

5% fat 

16% fat 

30% fat 

Tobacco-seed oil 


148.3 

51.6 

47.4 

42.8 

44.5 

Cotton-seed oil 


103.1 

54 4 

60.7 

56.1 

56.9 

Butterfat 


30.2 

44.4 

36.6 

38.8 

38.5 


to remain constant in subsequent periods as was done by 
Langworthy and Holmes (’15). The average coefficients of 
digestibility, as well as the ranges, for each fat intake level 
are given in table 2. Though cotton-seed oil showed a slight 
margin over the other two fats, there was very little difference 
between any of these fats when fed at the same level or the 
same fat when fed at different levels up to 30%. 

The iodine number (Hanus method) was determined on each 
of the fats used in the rations and likewise on the composite 
samples of fecal fat excreted during the respective metabo- 
lism periods. Results are shown in table 3. Assuming the 
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composition of Kentucky tobacco-seed oil to be similar to 
that of the oil from European tobaccos analyzed by Lesyuis 
(’40) and Kaufmann (’41) and using the predicted digesti- 
bilities of Holt et al. (’35) the results in tables 2 and 3 were 
as anticipated. 


Growth promotion studies 

For the study of growth promotion, rations C and D of each 
fat were fed ad libitum to three matched groups of weanling 
rats (four male and four female) for a period of 4 weeks. 
Bulk rations were stored in closed jars at room temperature 

TABLE 4 

Growth data (ad lihitim feeding for 4 weefcs). 


OIL OR FAT IN RATION 


TOTAL WEIGHTS OF GROUPS (GM) 


- ■ 

STORED AT ROOM 
TEMPERATURE 

Group of 4 males 


Group of 4 females 

(DURING AUO., 1944) 

Initial 

Final 

Gain 

Initial 

Pinal 

Gain 

At 15% level 







Tobaceo-seed oil 

176 

179 

3 

176 

215 

39 

Cotton* seed oil 

181 

412 

231 

176 

365 

189 

Butterfat 

176 

616 

440 

177 

506 

329 

At 30% level 







Tohacco-seed oil 

178 

1 


3 73 

2 


Cotton- seed oil 

177 

706 

529 

173 

499 

326 

Butterfat 

178 

687 

509 

172 

533 

361 


^ All animals in group lost weight and died. Average survival was 12 days. 
’All animals in group lost weight and died. Average survival was 11 days. 


(during August 1944). Results are given in table 4 as total- 
initial and -final weights for each group as well as total weight 
gained by the group. The animals receiving butterfat made 
the largest gains while those on tobacco-seed oil rations made 
the least gains. At the 15% level average weekly gains on 
tobacco-seed oil were almost negligible and at the 30% level 
all animals died before completion of the experiment as indi- 
cated by their average time of survival shown in table 4. 

In view of the poor gains made by the animals on tobacco- 
seed oil rations, a duplication of this part of the experiment 
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was made using eight additional animals at the 15% level 
and six animals at the 30% level. The previous results were 
confirmed and every animal which survived the entire experi- 
ment showed erratic weight changes. 

It was observed in the foregoing experiments that after 
storage for a short time at room temperature the tobacco-seed 
oil rations became spongy and had a pronounced odor even 
though the oil used in making the rations had been stored in 
closed bottles at room temperature for several months with 
no evidence of becoming rancid. This indicated that the rate 
of oxidation of the oU was increased quite rapidly by the 
higher temperatures and greatly enlarged surface area. Since 
the latter could not be reduced materially, control of tempera- 
ture provided the only convenient means of retarding oxi- 
dation. 

Preliminary tests showed that about half of the oil con- 
tained in seed could be expressed in a relatively short time 
by a Carver laboratory press at maximum pressure. The oil 
obtained in this way possessed the same physical and chemical 
constants as the bleached extracted oil. Substitution of this 
oil in subsequent experiments made possible a supply of 
freshly prepared oil and also eliminated the heat treatment 
necessary to remove the solvent from the extracted oil. 

To determine the extent to which the nutritive value of the 
ration was atfected by development of rancidity, two groups 
of six young rats each were fed ration E. One group was fed 
from bulk ration stored at room temperature while the ration 
for the other group was refrigerated. The rats were fed daily 
from the respective stocks and any unconsumed ration from 
the day before was discarded. Individual growth curves for 
these animals over a period of 5 weeks are shown in figure 1. 
Attention is called to the second break in the curves at the 
right demonstrating a pronounced response to freshly mixed 
ration. Also it might be mentioned that animals 1 and 4 in the 
curves at the right were started together on fresh ration, ani- 
mals 2 and 5 were started 3 days later being fed from the same 
bulk ration and 3 and 6 were started 6 days still later, on the 
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ration corresponding to that of the second week of the first 
pair. The growth curves of the pairs, showing the extremes 
in growth' as related to age of the ration, are similar. 

In their review Burr and Barnes ( *43) point out that rancid 
fats catalyze the destruction of certain fat-soluble vitamins. 
In view of the previous experiments it seemed necessary to 
determine whether the poor growth of animals on tobacco-seed 
oil ration was due primarily to resultant vitamin deficiencies. 



Fig. 1 Individual growth curves of animals on 30% pressed tohacco*seed oil 
ration. * Freshly mixed ration fed at this point, t no. 3 cJ* died in 14 days, no. 6 
$ died in 9 days. 


Consequently, seven young animids (ca. 3 weeks old) were put 
on totel oil ration D stored at room temperature. In addition, 
two of the animals received a daily supplement of fat-soluble 
vitamins, two other animals received B vitamins and three 
animals were fed both fat-soluble and B vitamins. These 
daily supplements were given individually in separate con- 
tainers and in amounts equivalent to those furnished by 10 gm 
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of freshly prepared ration. All animals consistently lost 
weight and survived for periods varying from 4 to 28 days. 

Comparison , of the average growth rates of animals on 
butterfat ration D and refrigerated tobacco-seed oil ration E, 

31.8 and 26.2 gm/week, respectively, for males and 22.6 and 

17.9 gm/week, respectively, for females, indicates better 
growth on butterfat with ad libitum feeding. However, it was 
observed that the animals of the former group consumed 
more ration than those on the tobacco-seed oil ration. Conse- 
quently, twelve rats were paired as closely as possible with 
regard to initial weight, sex and litters and fed controlled 



Fig. 2 Average growth of six animals on 30% ration stored in refrigerator 
(paired-feeding). Insert shows average weekly gains. 


amounts of butterfat ration D and ration E (refrigerated) for 
a period of 6 weeks. During the first 2 weeks of the experiment 
the fluimals on tobacco-seed oil established a lead in total 
weight gained, part of which was maintained for the entire 6 
weeks. Over the whole period differences in weight gains of 
the individual pairs were insignificant except in one instance. 
The food intake of this pair was definitely limited by the ani- 
mal on the butterfat ration. Average cumulative growth and 
weekly gain curves for the six pairs are shown in figure 2 and 
insert, respectively. 
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Effect on. functional activity 

In view of the possible destruction of certain of the fat- 
soluble vitamins in the tobacco-seed oil rations, the animals 
surviving the experiment on refrigerated and non-refriger- 
ated tobacco-seed oil rations (fig. 1) were put on stock ration 
in mated pairs designed to determine if reproduction had been 
permanently impaired in either the males or females by either 
of the experimental diets. Those animals which had received 
the unrefrigerated ration and were most likely to be sterile 
were paired with animals of known fertility from the stock 
colony. At the time of taking the animals otf the experimental 
diets they had not reached maturity with respect to growth, 
those oh non-refrigerated ration averaging only 55 gm. Since 
sexual maturity is related to growth maturity a delay in pro- 
duction of offspring was expected. This proved to be the case 
with all the animals and especially so with the extremely small 
ones. However, eventually all animals proved to be fertile. 

DISCUSSION OF RESULTS 

Results of the experiments show that, for all practical 
purposes, the coefficients of digestibility of the three fats in- 
vestigated are high and equal and, under certain feeding 
conditions, the fats support good growth in young animals. 
The observation that growth of pair-fed rats was the same on 
rations containing butterfat and tobacco-seed oil, respectively, 
is in keeping with the comparative nutritive values of butter- 
fat and other vegetable oils reported by Deuel et al. (’43). It 
is doubtful if flavor contributed to the superiority of butter- 
fat under ad libitum feeding since unrefined tobacco-seed oil 
possesses no particularly objectiouable flavor. Moreover, Bout- 
well et al. ( ’44) found that removal of flavoring agents from 
butterfat or addition of diacetyl to corn oil had little effect 
upon the compafative nutritive values of these two fats. 

Temperature and exposed surface area have a pronounced 
effect on the rate of oxidation of tobacco-seed oil and in this 
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respect it follows the pattern of other drying oils. However, 
if certain precautions are taken when the oil is most subject 
to oxidation (i.e., after mixing with other foods so that a large 
area is exposed) there is little reason for it being unsuited for 
dietary purposes. Even these precautions are unnecessary as 
long as the oil is isolated and stored in closed containers. Al- 
though this property is less pronounced with the commonly 
accepted edible fats and oils it is well recognized that refrig- 
eration is essential when these are incorporated in food mix- 
tures. 

The poor performance of the animals on unrefrigerated 
rations was not due primarily to destruction of vitamins 
present as the vitamin supplement experiment showed. Also 
no permanent ill effects were noted which might indicate 
severe vitamin deficiencies when proper precaution was taken. 

SUMMARY 

1. When tobacco-seed oil was fed to rats at levels of 5, 15 
and 30% of the respective rations it gave an average coeffici- 
ent of digestibility of 97.9 as compared with 99.1 and 98.2 for 
cotton-seed oil and butterfat, respectively. 

2. With paired feeding of refrigerated rations containing 
30% of tobacco-seed oil and butterfat, respectively, growth 
rates of rats did not differ significantly. "NMien fed ad libitum, 
the difference in consumption of the two rations produced a 
greater rate of growth in rats fed butterfat. 

3. Of six rats fed refrigerated ration and four animals fed 
non-ref rigerated ration containing 30% tobacco-seed oil for 
5 weeks, during the period when growth is usually maximum, 
all proved to be fertile upon reaching maturity. 

4. Both temperature and surface area affected the rate 
of oxidation of the oil. When surface area was small, as in 
the case of the isolated oil, no particular care in storing was 
necessary; but when the oil was incorporated in a ration and 
kept for any length of time, refrigeration was necessary. 
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The present paper gives a short ^ account for the nutri- 
tionist of an experimental study of psychological response to 
liberal thiamine intake in children of school age. The study 
employed all the suitable children of the 120 living in the 
Presbyterian Orphans’ Home at Lynchburg, Virginia. With- 
out their knowledge, they were assigned to two groups 
matched very closely in pairs as to age, sex, stature, mental 
ability and educational achievement. All the children sub- 
sisted at the same table without segregation but the children 
of one group received daily a tablet containing 2 mg of thia- 
mine while those of the other group received daily an in- 
distinguishable placebo.* Measurements were made at regular 
intervals of the progress of the children in mental and physi- 
cal skills by a systematic program of tests. 

GENERAL PROGRAM OF THE STUDY 

The study covered three periods: (1) Six weeks’ trial of 
thiamine supplement utilizing a wide range of test tasks. 
May 15- July 1, 1941 (Harrell, ’43). (2) First year-long 
experiment with selected tasks, September 1942-September 

* To be published in full under the title ‘ ‘ Further Effects of Added Thiamin on 
Learning and other Processes,^' Bureau of Publications, Teachers College, 
Columbia University, New York. 

* Tablets donated by Hoffmann-La Roche, Incorporated. 
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1943. (3) Second year-long experiment involving interchange 
of some children between groups, September 1943-September 

1944. Child personnel in the orphanage gradually changed 
during the course of the experiments, thus somewhat limiting 
the number of matched pairs for which comparisons could be 
made during the longer periods. All the children participated 
in the program insofar as they were able and their scores were 
recorded to aid in maintaining the morale of the experiment. 
However, certain of the tests require ability to read. Full 
comparisons of performance are therefore largely limited to 
the age range 9 to 19 years. The actual number of pairs 
participating in all tests at each interval is indicated in tables 
2 and 3. It varied from twenty to fifty-five pairs. 

Orphanage regimen and dietary 

The orphanage is located on a 200-acre farm on which the 
children live, work and attend school. Food is prepared for 
all the children in a single kitchen and served in a single 
dining room at eighteen tables, each accomodating one super- 
visory adult and seven children. For economy the proportion 
of cereals in the dietary is high and that of meat is low. A 
gallop of excellent quality milk from a pure-bred Jersey herd 
which is tended by the older boys of the Home, is, however, 
served at each table at every meaL Butter and cheese from 
the farm dairy are liberally available. Menus are, however, 
repetitive offering little variety; those of October 18, 19, 20 
and 21, 1942, are listed in table 1 as typical. 

Thiamine in the diet 

Dietary surveys by nutritionists * of Columbia University 
were made during several days in June 1941 and again in 
October 1942. Weights of all foods eaten in the orphanage on 
the survey days were taken and the thiamine intake per child 
was calculated from tables (Taylor, *42) hs 0.9 and 1.0 mg, 
respectively, per day during the two periods. No deduction 

*Dr. Mary Bobertson and Miss Eunice Peterson. 



TABLE 1 

Illustrative menus of the orphanage, (October 18, 19, SO and 21, 1942.) 
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was made for possible excessive cooking losses. During 1943- 
1944, in spite of precautions, enriched flour was encountered 
on two occasions and may have been used for a considerable 
period. 

Parity of groups 

Immediately prior to each experimental period, data were 
taken for each individual child including height, weight, age, 
sex, educational achievement, length of residence in the in- 
stitution and his scores in two intelligence tests, namely, the 
I.E.E. Intelligence Scale CAVD and either the Otis Tests of 
Mental Ability (first period) or the Kuhlmann-Anderson 
Intelligence Tests (second and third periods). 

On the basis of these data, the children were assigned to 
two well-matched groups by Dr. Ella Woodyard and Dr. 
Grace MacLeod, psychologist and nutritionist, respectively, 
of Teachers College, Columbia University, neither of whom 
participated in the subsequent observations of the children. 
Choice of the group to serve as control and that for experi- 
ment was also made by these individuals and was kept secret 
from the children and from all adults who participated in 
measurements of the children. Possibility of subjective .bias 
was thereby avoided. 

Assignment of children was primarily such as to match 
closely the mental abilities in each group, child for child. It 
was also possible to adjust assignments to secure compara- 
bility in age, size, sex, educational status and ratio of weight 
to expected weight. Eighty per cent of the children in this 
orphanage have one or more siblings there, so it was often 
possible to secure representation in each group of identical 
parentage and, accordingly, similarity of early home life and 
economic background. The groups as finally constituted were 
so similar that no factor known in advance offered a basis for 
anticipating differences in achievement. 

Supplementation procedures 

After secret assignment of the children and secret choice 
of the experimental group, Drs. Woodyard and MacLeod 
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placed in a series of envelopes, each bearing the name of a 
child, a suitable number of tablets of the appropriate sort 
whether a placebo or an indistinguishable tablet containing 
2 mg of thiamine. These envelopes were dispatched to the 
orphanage where the matron of each dormitory cottage took 
custody of the appropriate ones and administered a tablet 
daily, usually at bed time, to each child from the envelope 
marked with his name. The supply of tablets was replenished 
as required in the same manner so that no participant in the 
study, either child or adult, could distinguish the experimental 
subjects from the control subjects, or could say, for example, 
whether Tom and Dick belonged to the same group or to 
different groups. 

Measurements of performance 

In the 6 weeks’ trial from May 15 to July 1, 1941, the tasks 
were numerous and varied and were performed at frequent 
intervals, the children working at them daily. During the two 
experiments of year-long duration, the number of tasks was 
reduced to those which previous experience had indicated 
were most satisfactory and informative. All tasks were, 
however, such as are recognized and used cuiTently by 
psychologists. In all cases, tasks were selected to be well 
within the range of the children’s abilities, to engage and 
hold their interest and to be capable of objective measurement. 
Selection of the tasks to be used was made with the advice of 
Dr. Arthur I. Gates, Dr. Helen M. Walker, Dr. Robert L. 
Thorndike and Dr. Ella Woodyard, all of the Psychology 
Department of Teachers College, Columbia University. 

Tests of the selected activities were administered by persons 
of professional experience in their use. The intelligence tests 
were administered by Dr. Woodyard, Dr. Cora Friedline of 
Randolph-Macon Woman’s College and Miss Loulie Burner 
of Asheville College. Dr. Lyman Abbott of the Wilmer 
Ophthalmol ogical Institute of the Johns Hopkins Hospital 
and University, assisted by Miss Lelia Robertson, tested the 
children in visual efficiency with the Snellen chart. The tests 
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of binocular vision * were made by Misses Todd and Dameron 
of the Lynchburg public schools. The measures of height and 
weight and the incidence of colds among the children were 
recorded by the principal and the assistant principal of the 
orphanage school. 

During the 6 weeks’ trial the numerous and varied tasks 
were repeated nine times by each child. These tasks are 
indicated at the bottom of figures 1 and 2. The nature of 
most of the tasks will be evident but a few require description. 
“Problems” signifies Monroe’s Standardized Reasoning 
Tests in Arithmetic. “Mixed Fundamentals (Thorndike)” 
involve addition and subtraction; those of Woody-McCall 
involve, addition, subtraction, multiplication and division. 
“Sums of Ten” consist of encircling two adjacent numbers 
whose sum is ten on a page of printed numbers. ‘ ‘ Completion ’ ’ 
signifies completion of fifteen simple geometric designs. 
“Number Span” consists of reproducing in a designated 
space on the obverse side of the paper series of numbers 
printed on the face. ‘ ‘ Code Learning” or ‘ ‘ Code Substitution ’ ’ 
refers to the writing of the proper associated digit beneath 
each of five geometric symbols recurring repeatedly but in 
random order on a page of printed symbols. “Right hand” 
and “left hand” refer to strength of grip as measured by a 
dynamometer. Time limits were progressively shortened for 
successive trials of the timed tasks except for Code Substi- 
tution which was invariably practiced 5 minutes each time 
throughout all experiments. 

A modified program of tests was adopted for the longer 
term experiments, as required by considerations of expense, 
availability of expert personnel and the morale of the children 
during prolonged repetitive drill. The schedule of tests was 
that indicated at the bottom of figure 3. 

Some explanations of these choices are required. The 
Kuhlmann-Anderson Intelligence tests were substituted for 
the Otis Intelligence tests used in the earlier period because 

* Keystone Telebinocular was loaned by the public school system of Lynchburg, 
Virginia* 
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they were better adapted to the younger children who were 
included in the longer experiments. Due to the withdrawals 
of children from the Home as they reached the age of self- 
support, a process which was much hastened by war conditions 
including the draft for military service, the average age of 



Fig. 1 (Upper graph) Mean standing of groups A and B at beginning of 
experiment (letting mean initial score of group A be 100%). 

Fig. 2 (Lower graph) Relative mean gains made by groups A and B in 6 
weeks of practice (letting gain of group A be 100%). 
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the available subjects was approximately 2 years younger 
during the later longer term experiments. Withdrawals 
progressively reduced the number of pair comparisons which 
could be made at successive intervals. < 

Visual perception tests were emphasized in the long experi- 
ments for the sake of including objective measurement of a 
sensory function. Expert assistance was available for visual 
tests but not for auditory. 

Eeaction time could not be measured during the earlier trial 
period for lack of suitable equipment. It was, however, in- 
cluded in the later program because of the high significance 
attached to it by professional psychologists. 

Code Substitution was one of the original tests of which 
the children did not tire. Consequently it was carried on 
during the two later full year periods as well. 

Incidence of colds and changes in height and weight would 
obviously be highly unreliable measures when taken over a 
6 weeks’ period but it was felt that they should be observed 
over the longer period of confirmatory experiments. Likewise 
changes in Educational Achievement could be measured only 
over the longer period, a consideration which also applies in 
some degree to the memory tests. 

RESrrLTS 

Six weeks* trial 

Figures 1 and 2 (Harrell, ’43) show, respectively, the com- 
parative average performance of the two groups of thirty- 
seven children each at the beginning of the experiment and 
their relative gains at the end of 6 weeks of practice. In the 
eighteen test tasks which were repeatedly practiced by both 
groups at the same time and for the same length of time, it 
appeared significant that the vitamin fed group surpassed the 
control group in average gain in every task. The superiority 
of gain ranged from 7% to 87% and averaged 27% for the 
program of eighteen practiced tasks as a whole. 

Statistically there were large individual variations of gain 
within each group. The significance of the mean difference 
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, was computed for each task in the program after first finding 
the difference in gain separately for each of the thirty-seven 
pairs of children who performed all the tasks. The t-ratio 
which is the ratio of the mean to its standard error, (Student, 
’25) is given in table 2 for the differences in gain exhibited 
by the pairs of children in each of the eighteen activities. For 
seven of the tasks the significance is high ; for eleven tasks the 

TABLE 2 


Superiority of thiamine fed group B over control group A in gain during € weelcs* 
trial period, May~July, 1941, (37 pairs of children.) 



ACTIVITY 

T-RATlO 

PROBABILITY THAT 
SUPKKIOR GAIN WAS 
DUB TO CHANCE 

1. 

Underlining 4’8 

3.33 

0.002 

2. 

Code learning 

3.13 

0.004 

3. 

Beading (Monroe) 

2.17 

0.04 

4. 

Division 

2.11 

0.04 

5. 

Number span 

2.09 

0.04 

6. 

Left-hand grip 

2.07 

0.04 

7. 

Addition 

2.07 

0.04 

8. 

Problems in arith. 

2.00 

0.05 

9. 

Underlining A’s 

1.33 

0.2 

10. 

Darts 

1.28 

‘ 0.2 

11. 

Multiplication 

1.07 

0.3 

12. 

Sums of ten 

1.03 

0.3 

13. 

Subtraction 

0.67 

0.5 

14. 

Mixed fund. (Thorndike) 

0.65 

0.5 

15. 

Bight-hand grip 

0.63 

0.5 

16. 

Mixed fund. (Wood.v-McCall) 

0.61 

0.5 

17. 

Baseballs 

0.60 

0.5 

18. 

Completion 

0.54 

0.6 


t-ratios are small enough to permit the assumption that the 
measured superiorities may have been due to chance. How- 
ever, it is almost inconceivable that by chance alone all 
eighteen superiorities should be in the same direction. 

First year-long experiment, 1942-1943 

Prior to the beginning of this experiment the groups were 
re-equalized by Drs. MacLeod and Woodyard as previously 
described in order to include newcomers to the orphanage in 
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the long term observations. Figure 3 * shows in graphic form 
the comparative gains in proficiency made by the two groups 
of fiifty-five children each in the selected activities during the 



Fig. 3 Eelative mean gains made by groups A' and B' in a year, 1942-1943 
(letting gain of group A' be 100%). 


“Tabular data from which figure 3 was drawn are given in the full account, 
^'Further Effects of Added Thiamin on Learning and other Processes,” Bureau 
of Publications, Teachers College, Columbia University, New York. 
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year. In all fifteen tests the vitamin fed group surpassed the 
control group in average gain. The t-ratios, one for each 
activity, were computed as before and are given in table 3. 
Eight of them are so large that assumption of chance is dif- 
ficult to justify, especially in view of the fact that all the 
superiorities are in the same direction. 


TABLE 3 

Superiority of thiamine fed group B* over control group A* in gain in first year- 
long experiment, September IBdSSeptember 194$, 



ACTIVITY 

Ko. or 

PAIRS 

T-RATIO 

PROBABILITY THAT 
SUPSRIOR GAIN WAS 
DUX TO CHANCE 

1. 

Visual acuity, left eye 
telebinocular test 

40 

4.91 

.000002 

' 2. 

Visual acuity, both eyes 
telebinocular test 

40 

3.84 

.0001 

3. 

Visual acuity, left eye 

Snellen test 

45 

3.41 

.002 

4. 

Kemembering : 

word-number pairs 

20 

3.23 

.002 

5. 

Code substitution 

51 

3.20 

.003 

6 . 

Memorizing now material 

47 

2.83 

.007 

7. 

Visual acuity, right eye 

Snellen test 

45 

2.75 

.01 

8 . 

Remembering: Morse code 

20 

2.70 

.02 

9. 

Height 

43 

2.28 

.03 

10. 

Intelligence 
power type test 

55 

2.15 

.04 

11. 

Reaction time^ 

52 

2.04 

.05 

12. 

Intelligence 
timed test 

48 

1.86 

.07 

13. 

Visual acuity, right eye 
telebinocular test 

40 

1.69 

.1 

14. 

Educational achievement 
Metropolitan test, total score 

39 

1.62 

.1 

16. 

Weight 

43 

.94 

.3 


* Choice Eeaction Time device was loaned by the Traffic Engineering and Safety 
Department, American Automobile Association, Washington, D. C. 
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Second year-long experiment, 1943-1944 


With slight changes in the program of tests, the experiment 
was carried on through a second year after regrouping half 
the number of children so that of thirty (out of the first year’s 
total of sixty) pairs, the member who had received placebos 
the first year received thiamine tablets the second year, and 
the member who had received thiamine the first year received 
placebos the second year. The purpose of this reversal was 
fo exclude the possibility that the children chosen originally 
for the thiamine group were accidentally somewhat superior 
genetically or otherwise. Reversal of the entire number of 
sixty pairs was avoided. Since it was known at the orphan- 



Fig. 4 Average performance of twenty non-reversed pairs in 2 years, eleven 
activities combined. (Each item is expressed as a percentage of its mean initial 
score). 


age that the children had been arranged in two groups, there 
was danger that someone would guess a general reversal had 
occurred and that this would introduce some subjective in- 
fluence on the results if such a belief became general. Again 
as in the previous experiments, the full schedule of tests was 
confined to those pairs of children who could read. There 
were twenty pairs of children subject to the full schedule of 
tests which were reversed and twenty pairs which were not 
reversed, all of whom remained in the institution throughout 
the 2 years. 

The effect of reversal in the second year-long experiment 
must be considered by comparing the results of the second 
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year with those of the first. The combined average percentage 
gains for all eleven activities (not including the memory tests 
omitted in the measurement of primary grade children) 
practiced by twenty pairs of children which were not reversed 
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Fig. 5 Performance of twenty reversed pairs showing reversed superiority of 
gain. (Measures were made at approximately annual intervals), 

are shown graphically in figure 4. Trends for the average of 
each activity separately do not in any case differ greatly from 
that of the composite shown in figure 4. The vitamin fed 
children gained an average of 15% in performance the first 
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year and 22% the second year; the control group gained 10% 
and 15%, respectively. The reader is referred to the full 
presentation ^ of the study for further detail which cannot be 
presented here for lack of space. 

Examination of the corresponding tests of the twenty pairs 
of children whose thiamine supplement was reversed the 
second year reveals two somewhat different trends. The tests 
which revealed reversed superiorities of gain are shown in 
figure 5 and those which do not are presented in figure 6. In 


INTELUCENCE TESTS 

INTELLIGENCE SCALE CAVO KUHLMANN -AKIOEASON 



' 19A2 1943 1944 1942 1943 1944 

CROUP a'* thiamin fed second vear o placebo 

GROUP B“ THIAMIN FED FIRST YEAR • THIAMIN FED 

Pig. 6 Performance of twenty reversed pairs in activities not showing reversed 
superiority of gain. (Measures were made at approximately annual intervals). 
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the former the gain curves cross following reversal as would 
be the case if the current intake of thiamine were the control- 
ling factor; in the latter, the curves do not cross. Evidence 
is wanting of the effect beyond a year’s duration of with- 
drawing thiamine from those who had previously received it. 
The results suggest that the characteristics referred to in 
figure 6 change more slowly but more permanently and that 
the effect of the thiamine taken the previous year held over 
appreciably into the second year. It is clear that the results 
of thiamine supplementation are not sufficiently great to be 
observable over short periods of time with respect to all 
measures of performance. The cumulative effects throughout 
a lifetime, however, may nevertheless spell the difference 
between alert, successful living and a marginal effectiveness. 

SUMMARY 

During three periods of time between May 1941 and Sep- 
tember 1944, the effect was observed of daily supplementation 
of the dietary of an orphanage with 2 mg of thiamine per 
child. 

Thirty-seven to fifty-five carefully matched pairs of children 
were used, one member of each pair receiving thiamine and 
the other an indistinguishable placebo. No participant, child 
or adult, had knowledge concerning the group to which any 
child belonged. 

Measurements of performance included acuity of vision, 
skills at games, reaction time, reading, arithmetical processes, 
memorizing and forgetting, intelligence tests and other recog- 
nized measures in current use by psychologists. The schedule 
of tests was adapted to the length and circumstances of each 
period. 

In the first period of 6 weeks the vitamin fed group made 
superior average gains in performance in every one of the 
eighteen test tasks. The individual variations in gains within 
each group were within the limits of probable error in the case 
of seven of these tasks. 
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In the second period of 1 year, fifteen activities were used 
and the vitamin fed group again surpassed the control group 
in gains in performance in every activity. The superior gain 
of the vitamin fed group was statistically significant for 
eight of the fifteen activities. 

In the third period of 1 year, without knowledge of the 
participants twenty pairs of children were continued with 
the same regimen as in the previous year while twenty pairs 
were so reversed that those who had received thiamine now 
received a placebo and vice versa. The unreversed pairs 
continued to show superiority of average performance for the 
thiamine fed group in all eleven tests used ; the reversed pairs 
showed reversals of superior gain in seven activities but 
failed to show adverse effects of withdrawal of thiamine in 
intelligence tests, educational achievement, reaction time, 
height or weight gains. 
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(Received for publication August 28, 1945) 


Although there can be no doubt that 3-carotene is the mother 
substance of vitamin A in the animal body, little is known 
of the mechanism of such a transformation or of the site in the 
organism where the change may occur. It is generally consid- 
ered that an enzyme, carotenase, in the liver is responsible 
for effecting this change bpt the experimental evidence sub- 
stantiating such a hypothesis is exceedingly tenuous. Olcott 
and McCann (’31) presented the first positive results when 
it was shown that a slight inflection could be detected in the 
absorption spectrum at 328 mu when rat liver slices or liver 
brei was incubated with a carotene sol for 36 hours. Vitamin 
A was not isolated, however, and the transformation pro- 
ceeded only to an extremely limited degree if one is willing to 
accept such a formation from the spectrophotometric proof 
offered. In a number of cases there has been a failure to dem- 
onstrate any in vitro changes of carotene in the liver. No 
alterations in this substance could be shown in the liver of the 
shark (Euler and Euler, ’31) or the cat (Rea and Drummond, 

* The material coiitaiiiecl in this paper is part of a thesis submitted by Edwin 
L. Sexton in partial fulfillment for the degree of Doctor of Philosophy in Bio- 
chemistry in the Graduate School of the University of Southern California. 

* Now with The Best Foods, Inc., Buffalo, New York. 
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’32; Drummond and Me Walter, ’33). Pariente and Ball! 
(’31- ’32) have reported one successful experiment out of 
four attempts where the formation of vitamin A from caro- 
tene was demonstrated in dog liver. Euler and Klussman ( ’32) 
obtained positive results on cow liver as did Wilson et al. ( ’37 ) 
on rabbit liver undergoing anaerobic autolysis. 

Some of the discrepancies between the results of different 
investigators may be related to species variations in the me- 
tabolism of the carotenoids, a variability which has long been 
recognized (Zechmeister, ’37). Jensen and With (’39), for 
example, have found wide differences in the carotene content 
in the livers of various species. In an extensive study which 
included 33 mammals comprising 21 species, 41 birds of 36 
different species, 4 reptiles from 2 species and also 8 different 
human specimens, it was found that carotenoids were com- 
pletely absent in many of the livers examined. Considerable 
amounts of these polyenes were found in the livers of beasts 
of prey, birds and the herbivora. Similar discrepancies 
in the carotenoid content of the blood and tissue fat between 
different species also have been noticed. Thus, it is known 
that these pigments are absent from the blood and tissue fat 
of the rat and pig, but they may be detected in varying 
amounts in* the case of chickens, cattle, horse and men (Zech- 
meister, ’37). 

It has previously been reported from this laboratory that a 
marked decrease in the carotene excretion in milk occurred 
as a result of the administration of massive doses of vitamin 
A to cows (Deuel et al., ’41) ; a simultaneous lowering in blood 
carotene also occurs (Deuel et al., ’42). That this behavior 
is not confined to the cow was shown by a similar reaction in 
the hen where the yolk carotenoid as well as that in the liver, 
blood and in the tissue fat was markedly lowered on diets 
containing large doses of vitamin A (Deuel et al., ’43). 

The present experiments were designed to determine 
whether an increased rate of disappearance of carotene could 
be shown as a result of an augmentation in the amount of car- 
otenase in the livers of rats previously treated with abnor- 
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mally high doses of vitamin A. It is also possible that an 
increased amount of lipoxidase, an enzyme first described by 
Hauge (’35), might be responsible. Since it was found that 
parenterally injected carotene remained unchanged in the 
livers of rats for many days, tests on the comparative bio- 
logical activity of carotene introduced parenterally and orally 
were made. As a result certain possibilities regarding the site 
of carotene conversion to vitamin A have been suggested. 

METHODS 

Rats from our stock colony were kept on a limited intake of 
vitamin A similar to that employed in preparation for vitamin 
A bioassays. In the experiments in which the effect of the 
previous vitamin A intake on the disposal of carotene by the 
liver was to be followed, weanling rats were divided into 
five groups and placed on the U.S.P. XII vitamin A-free 
depletion diet for 28 days. During this interval each group 
received 0, 30, 450, 900 or 3000 International Units (I.U.) of 
vitamin A daily which was administered separately from the 
basal diet. Vitamin A-depleted rats maintained with sufficient 
vitamin A daily to prevent death but insufficient to clear up the 
eye symptoms or to produce growth were used for the injec- 
tion experiments in which the animals were to be sacrificed. 

In most cases the carotene employed consisted of 90% 
3-carotene and 10% a-carotene supplied by General Biochemi- 
cals, Inc. In the bioassay experiments pure 3-carotene was 
used.® Liver carotene and vitamin A were determined spectro- 
photometrically on petroleum ether extracts obtained after a 
30-minute hot saponification in the dark in which a total of 
25 ml of 95% ethanol was used and also 1 ml of 40% aqueous 
KOH per gram of liver. 

In certain experiments where the liver carotene was char- 
acterized chromatographically, the livers were frozen in solid 
CO 2 immediately on being removed from the animals, and 
powdered in the frozen state by passing through a Wiley 
mill. Carotene was extracted with methanol without saponi- 

• This was kindly furnished us by Prof. L. Zechmeister, 
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fication from this powder, transferred to petroleum ether and 
chromatographed on a Ca (OH )2 column/ 

Three carotene preparations were employed. The first sol 
where carotene was suspended in blood plasma remained per- 
fectly uniform without any loss in carotene when kept for a 
period of 30 days at 40° C. in the dark. The carotene concen- 
tration was adjusted to 60 pg. per milliliter. 

A lecithin-stabilized sol was also employed in some of the 
tests. The carotene and lecithin,® dissolved in diethyl ether by 
shaking, were slowly added to propylene glycol which in turn 
after evaporation of the ether was mixed with water at 100°C. 
with vigorous shaking. After standing over night, it was 
passed through a Buchner funnel. The sol was completely 
homogeneous and had a concentration of 1*60 pg per milliliter. 

A concentrated carotene solution in cottonseed oil, con- 
taining 3000 pg. of carotene per milliliter, was prepared by 
shaking a diethyl ether solution of carotene with cottonseed 
oil under nitrogen for 45 minutes, evaporating the ether under 
reduced pressure and removing undissolved carotene by fil- 
tration. The solution was employed in intrasplenie injections. 
It remained uniform for 3 days or more at room temperature. 

The plasma and lecithin sols were well tolerated when in- 
troduced orally, intraperitoneally or into the blood stream 
by cardiac puncture. The oil solution of carotene was satis- 
factorily administered by intrasplenie injection.® 

Because of the failure to detect appreciable amounts of 
carotene in the liver under any conditions where it was fed 
orally, balance experiments were instituted and the carotene 
content of the liver was determined after known amounts had 
been absorbed. In one series of these tests carotene was ad- 
ministered in oil daily over a period of 10 days along with the 
vitamin A-free diet while in the second series, it was given 
in natural form as a component of alfalfa flour over a like 

^We wish to thank Prof. L. Zechmeister for carrying out the chromatographic 
separation. 

* Kindly furnished by the American Lecithin Company. 

•We wish to thank Mr. Prank Cramer who demonstrated this method to us. 
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period. The latter diet was identical with the vitamin A-free 
depletion diet except that 25% of the starch was replaced with 
alfalfa flour. In order to prove that carotene was not de- 
stroyed in the gastrointestinal tract, experiments on the 
excised tract were carried out by a method similar to those 
on vitamin A reported earlier (Eeifman, Hallman and Deuel, 
’43). In the bioassay tests, rats previously depleted of their 
vitamin A stores were used. 

RESULTS 

The effect of previous vitamin A feeding on liver 
carotene following carotene injection 

The carotene and vitamin A concentration in the livers of 
rats which had previously received various levels of vitamin A 
daily over a 28-day period following weaning are recorded in 
table 1 at various periods up to 9 days after the intravenous 
injection of a carotene sol stabilized in plasma. It should 
be kept in mind that these and subsequent values for vitamin A 

TABLE 1 

The caroirnt' and vitamin A content of the livers of rats at various periods fol- 
lowing the intravenous injeciion of a plasma sol containing carotene after the 
previous administration of vitamin A at different levels over a 28 -day period. 


VKKTOD 
r01.Ti0W' 
INO IN- 
,1 RCTIOU 


PER GENT OF INJECTED 
CAROTENE RECOVERED ^ 


! 

DIVER VITAMIN A IN I.U. PER GM 

GROUP 2 

1 

' 2 

3 

4 


1 

2 

3 ; 

4 

5 

hours 

0.15 

13 

22 

40 

29 

32 

10 

10 

j 

396 

589 

, 1970 

2 

68® 

60 

61 

58 

73 

23 * 

6 

368 ; 

528 

1410 

6 

69 

75 

58 

56 

67 

, 20 

14 

362 j 

546 

1510 

12 

67 

73 

58 

59* 

; 54 

: 17 

16 

198 1 

437* 

1670 

24 

64® 

; 66’ 

54® 

60 

61 * 

i 

14 « 

332* 

525 

! 1740’ 

168 

39 

! 

30 1 

38 

35 

i 30 

' 11 

297 i 

464 

1590 

216 

34 

1 37 

35 

! 32 

! 1 

33 

! ® 

, 11 1 

! 1 


405 

2060 


* The average dose of carotene administered was 105 Mg* 

®The previous daily level of vitamin A administration in I.U. was as follows; 
group 1, 0; group 2, 30; group 3, 450; group 4, 900; group 5, 3000. 

® Average of two rats. Other results are on single rats. 
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are not reliable when values of less than about 20 I.U. per 
gram are involved. The limitations of the method would make 
it preferable to designate these as “apparent” vitamin A. 

It is apparent that no differences obtain over a 9-day period 
in the rate at which carotene is destroyed in the liver irrespec- 
tive of the previous level at which vitamin A was adminis- 
tered. It is also evident that no appreciable vitamin A storage 
took place in the liver when 30 I.U. of vitamin A had been 
given daily; but with the higher doses the amounts deposited 
were progressively higher. 

The proof of the purity of the carotene isolated from 
the liver after carotene injection 

In order to establish the identity of the carotene isolated 
from the liver with that injected, the absorption curves were 
determined on extracts of the original plasma sol injected, 
and on the samples isolated from the livers 7 and 9 days after 
injection. That the material is entirely unaltered is indicated 
by the curves given in figure 1. The points for the two maxima 
are identical in all three samples. The identity of the sample 
of carotene isolated from the liver was further established as 
all-tran8-3-carotene by chromatographic separation.* 

The comparative amounts of liver carotene and 
vitamin A after parenteral and oral 
administration of carotene 

A further comparison of the effect of injecting carotene by 
various pathways was carried out on rats previously de- 
pleted of vitamin A. Since the livers were already depleted 
of vitamin A, it was possible to determine whether an accum- 
ulation of vitamin A takes place in the liver. These data are 
sununarized in table 2. 

Whereas the basal level of liver carotene was practically 
zero, a considerable amount was found in this organ when 
carotene was injected by the intravenous or intraperitoneal 
route as the plasma or lecithin sols or by the intrasplenic route 
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in the cottonseed oil solution. However, no measureable 
amount of the liver carotene was present after the oral admin- 
istration of the carotene sols. The same was true when a diet 
containing 25% of alfalfa was fed. 

There was no increase in the vitamin A content of the liver 
after the intrasplenic injection of the carotene in oil solution 
although this value was markedly increased after carotene or 

RELATIVE 



Fig. 1 The absorption curves of carotene extracted from the original sample 
of plasma-stabilized /3-carotene sol (solid line), of carotene isolated from liver 
after 7 days (dashed line) and 9 days (dashed and dotted lines). 


vitamin A was given orally in cottonseed oil or after the al- 
falfa diet. It seems probable that the low basal levels actually 
determined for carotene and vitamin A in the liver are within 
the experimental error of the method or that may represent 
impurities rather than the actual provitamin and vitamin A. 
It is probable that these values would be reduced to zero 
if the liver hydrolysates were purified by chromatographic 
adsorption. 
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TABLE 2 

Summary table of the carotene and vitamin A content of the livers of rats 
previously on a vitamin A-free diet after the administration of carotene by several 
parenteral pathways, of an alfalfa diet, of vitamin A orally and when no supple- 
ment was given. 


MATERIAL 

ADMINISTERED 

SOLVENT 

PATH- 
WAY ‘ 

NO. OP 
RATS 

QUAN- 

TITY 

AD- 

MINIS- 

TERED 

ELAPSED 
PERIOD * 

LIVER CONTENT 

Total 

carotene 

Vitamin 

A 





Uff 

hours 

HP 

J.V./pm 

Carotene 

Plasma 

0. 

2 

104 

24 

5.7 





5 

1138 

24 

6.5 




TP. 

2 

104 

17 

41.6 





4 

1138 

24 

176.8 



Lecithin 

0. 

5 

1900 

24 

9.5 




IP. 

3 

316 

24 

91.3 




IV. 

4 

316 

24 

189.9 



Cotton- 







1 

seed oil 

1 0. 


1720 

24 

6.2 


j 



5 

2910 

24 

3.4 

13.3 


i 


3 

3020** 

240 

j 2.9 1 

1 109.7 



IS. 

3 

875 

24 

! 578 

i 9.1 




5 

975 

240 

1 

529 

I 

7.9 

Vitamin A 

Cotton- 


! 


1 




seed oil 

0. 

4 

1680 

240 


86.6 

i 

Alfalfa diet' ! 

1 


0. 

4 

2080® 

336 1 

7.9 

42.4 

Vitamin A- 

1 







depletion diet 


0. 

19 

0 


1.5 

10.8 







(0-5.1) 

(8.4-12.1) 


Where no values are reported, no determinations were made. 


*0., oral; IP., intraperitoneally ; IV., intravenously; IS., intrasplenically. 

* This is period elapsing from first administration of carotene to the time when 
animal was sacrificed. 

® Given in two equal divided doses on 2 successive days. 

^ I.U. of vitamin A administered. 

* Containing 25% alfalfa. Fed over 14-day period. 

* Total carotene ingested in 14 days. This averages 148 ug daily. 
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Experiments on absorption of carotene 

Since there was no evidence for the accumulation of caro- 
tene in the liver after the administration of large amounts 
of the provitamin by mouth, experiments were undertaken to 
determine the quantity absorbed from the gastrointestinal 
tract under a variety of conditions. The summary of these 
data is recorded in table 3. 

TABLE 3 

The recovery of carotene from the gastrointestinal tract of rats fed carotene sols, 
an alfalfa diet, or a control vitamin A -free diet. 


CAROTENE 



DURA- 
TION^ 
OF " 
TEST 
AFTER 

PERIOD OP 
PAKTINO 

CAROTENE 

RECOVERED 

CARO- 

Type of Rol 

Total 

fed 

Days 

admin- 

istered 

NO OF 
RATS 

FIRST 

CARO- 

TENE 

AD- 

MINIS- 
TRA- 
TION j 

Before 

caro- 

tene 

After 

caro- 

tene 

Gi 

tract 

Feces 

TENE 

CNAB- 

fiORBEI 

i 

Plasma 

V-Q 

~104 

1 

daym daytt 

Oral feeding 

2 1112 

(Inyfi 

1 

yg 

20.3 

yff 

44.2 

% 

62.0~ 


1138 

3 

5 

4 , 

1 

0 

0 

104 

499 

53.2 

Lecithin 

1900 

3 1 

5 

4 ; 

i) 

0 

290 

414 

37.0 

Cottonseed oil 

1720 

1 

2 

3 : 

0 

1 

465 

316 

45.4 


1720 : 

1 1 

2 

1 

1 

1 

467 

236 

40.9 


1720 

1 1 

I 

1 . 

2 

1 1 

409 

272 

: 39.6 


3020 

1 

2 i 

3 

10 1 

1 

0 

0 

6.0 

1580 

! 52.4 

Alfalfa diet ! 

2080 1 

1 

14 

4 

14 

0 

0 

1 

14.0 

924 

45.2 

Control diet ! 

1 

0 i 

0 

5 

I 

0 1 

0 

0 

2.0 

9.6 

! 



Intraperitoneal administration 




Plasma 1 

1138~1 

3 

4 

4 1 

0 

0 ! 

48.7 : 

13.8 

!~5.^ 


Considerable amounts of the carotene fed were still un- 
absorhed in the g.i. tract 24 hours after the last feeding of the 
provitamin. Where the feedings of carotene had been continued 
over several days, a fairly large proportion was lost in the 
feces. After the administration of 1720 pg. in cottonseed oil. 
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the loss by this route was of the order of 15% ; on the other 
hand, after flooding the organism with 3020 Mg- in cotton- 
seed oil, slightly over 50% was accounted for in the feces 
over a 10-day period. Since the experiment was continued for 
9 days after the last feeding of carotene, it is altogether pos- 
sible that the carotene may have partially been absorbed and 
reexcreted. Also, about 45% of the carotene (exclusive of car- 
otenols) fed in the alfalfa diet was excreted in the feces. The 
control tests on rats fed on a diet, which was carotenoid-free 
for several weeks, indicates that the quantity of carotene 
extr^icted from the gastrointestinal tract and from the feces on 
a carotene-free diet is inconsequential. 

The stability of carotene in the excised 
gastrointestinal tract 

In order to determine if the relatively large quantities of 
carotene which disappeared in the previous tests recorded 
in table 3 actually were absorbed and not simply destroyed in 
the gastrointestinal tract, tests were made to determine 
whether any destruction could be noted of carotene kept in 
the excised gut for 24 hours at 37°C. After introducing 2090 
Mg. of carotene in 1 ml of cottonseed oil directly into the 
stomachs of anesthetized rats using a stomach tube, the gastro- 
intestinal tracts were removed intact, the esophagi were li- 
gated, the carotene solution was manually forced throughout 
the alimentary tract and they were placed in the incubator in 
glass-stoppered flasks for various intervals. The percentages 
of the original amounts of carotene administered which were 
recovered after various periods were as follows : 6 hours, 100 
and 101% ; 12 hours, 90 and 102% ; 24 hours, 97, 98, 100, 101%. 

These values compare well with experiments with the plasma 
sol where the extent of the recovery was determined on re- 
moving the g.i. tract immediately after the administration 
of approximately 100 Mg of carotene. The values found in 
several experiments were 100, 102, 105, 106, and 107%. 
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Bioassay experiments 

A series of bioassay tests were made in order to compare 
the effectiveness of an excess of carotene given orally or intra- 
splenically and of vitamin A given by the latter route in sup- 
plying the vitamin A requirements of vitamin A-depleted 
rats fed on the U.S.P. XII vitamin A-depletion diet. The 
supplements were administered in a single dose at the start of 
the experiments. Five groups of rats were used as follows: 
group 1, negative controls which received no supplement; 
group 2, carotene gfiven orally; group 3, carotene given intra- 
splenically ; group 4, vitamin A given intrasplenically ; group 
5, a continuation of the survivors of group 3, with carotene 
given orally on the forty-sixth day. Some rats in each group 
except the negative controls were sacrificed during the course 
of the experiment to ascertain the level of carotene and vita- 
min A in the liver. All animals in the negative control g^roup 
had died before any rats in the other groups were sacrificed. 
The remaining animals were continued on the vitamin A-free 
diet until death occurred. The rats were weighed at approxi- 
mately 5-day intervals. A summary of the data on growtli 
and period of survival is given in table 4. 

Although the dosages of the carotene and vitamin A are not 
identical, they were far in excess of what could be stored and 
were calculated to give the maximum effect for a single dose. 
That this supposition is justified is indicated by the identity 
of the results of groups 2 and 4 where the same maximum 
increase in weight resulted, the day at which the maximum 
was reached is practically the same and the period of survival 
is of the same order. The dose of carotene given orally was 
higher than that given parenterally to compensate for the 
carotene lost in the stools in the former case. With the group 
which received carotene intrasplenically, the maximum weight 
increase was smaller and occurred on the thirty-fifth day. 
By the forty-sixth day on which a supplementary dose of 
carotene was given orally, three of the group had already 
died and the rest had all lost considerable weight from their 



TABLE 4 


Summary table showing the maximum gain in weight and average length of life 
of vitamin A -depleted rats on a vitamin A- free diet after a single dose of carotene 
or vitamin A, 


GROUP 

NO. 

supplement 

ADMINISTERED 

NUMBER OF RATS 

AVERAGE 

DOSE 

GIVEN 

DEPLE- 

TION 

WEIGHT 

MAXIMUM 

INCREASE 

IN 

WEIGHT ® 

AVERAGE 

day of 

DEATH * 

Start 

Killed or 
died be- 
fore 46 
days ^ 






gm 

gw, 





Male rats 




1 

Negative 








control 

9 

9 

0 

101.4 


19.4(9) 

2 

Carotene 








orally 

7 

2(1) 

1480 pLg 

100.4 

104.6(50) 

66.8(6) 

3 

Carotene 








intra- 








, splcnically 

4 

1(2) 

592 jUg 

94.0 

33.7(35) 

4 

4 

Vitamin A 








intra- 








splenically ^ 

6 

3 

415 I.U. 

96.8 

108.0(50) 

84.0(3) 

5 

Carotene 








orally ' 

1 


1500 fig 

125“ 

54 (30) 





Female rats 




""V j 

Negative 







i 

control 

1 6 

6 

0 

103.5 

1 

j 15.3(6) 

2 

Carotene i 








orally 

6 

3 

1480 fig 

98.7 

72.0(55) 

90.3(3) 

3 ' 

Carotene 







1 

1 

intra- 








splcnically 

9 

3(1) 

592 fig 

101.3 

36.5(35) 

4 

4 j 

Vitamin A 







! 

intra- 








splenically 

8 

4 

415 I.U, 

105.2 

74.5(60) 

104.5(4) 

5 i 

Carotene 







1 

orally 

5 


1500 fig 

148.0“ 

36.4(44) 

82.6(5) 


^ The values in parentheses are the additional number of rats which died before 
the forty-sixth day. 

* The figure in parentheses indicates the day on which the maximum increase in 
weight was reached. 

* Excluding those killed for the analysis of the livers. The number of rats in 
the average is included in parentheses. 

* Continued as group 5. 

* Because the rats of group 3 which died or had been killed before starting as 
group 5 had lost more than the survivors, there is an apparent discrepancy between 
the average maximum weight increase, in group 3 and the depletion starting weight 
of group 5. However, all the survivors in group 3 had started to lose weight be- 
fore starting in group 6. 
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maximum levels. Eye symptoms of avitaminosis A had re- 
appeared. 

A comparison of the growth curves is shown in figure 2. 



I I I I I I I 1 I I I L_ 

ao 40 60 60 100 120 

DAY5 AFTER 5UPPLEMENT 


Fig. 2 The gain in weight of vitamin A-depleted rats which received no vita- 
min A supplement (group 1), or a single supplement at 0 days of carotene 
orally (group 2), of carotene intrasplenically (group 3), followed by carotene 
orally at 46 days as indicated by arrow (group 5 only), or vitamin A intra- 
splenically (group 4). 

Table 5 gives the values for liver carotene for the rats which 
were killed on the forty-sixth day or died earlier in groups 
1, 2 and 4 ; table 6 also gives additional data on group 3. 
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The carotene isolated from the livers of rats 46 days after 
the intrasplenic injection was proved to be all-trans-3-carotene 
by its absorption curve and by chromatographic separation.^ 

TABLE S 

The average carotene and vitamin A in the livers of male and female rats 
which died before or were Icilled on the forty-sixth day after the supplements were 
administered. 


OROUP 

NO.^ 

AVERAGE 

LIVER CAROTENE IN rO 

LIVER VITAMIN A IK I.T7./OM 

X>OBE 

GIVEN 

Individual determinations 

Aver- 

nge 

1 Individual determinations 

1 Aver- 

1 Bge 

1 

! 0 

0.4, 0.4, 0.7, 1.1, 1.1, 1.1, 


6.7, 7.5, 8.0, 8.1, 8.2, 9.5, 

1 - 
i 

1 

1 

1 \ 1 

1.4, 1.9, 2.7, 2.7 

1.3 

9.9, 10.3, 11.4, 12.3, 20.6 , 

10.2 

2 

1480 Mg 

0.8, 1.9, 2.3, 4.2, 4.6, 6.5 

3.4 

5.9, 6.5, 10.9, 11.9, 17.8, 
30.2 

! 13.9 

4 

415 I.U. 

3.1, 4.2, 4.6, 5.1, 5.1, 5.5 

4.9 

10.8, 13.5, 15.9, 16.7, 
j 24.3, 25.8, 26.5 

19.1 


' The group numbers are the same as in table 4 and figure 2. 


TABLE 6 


Summary of body weight changes and of the carotene and vitamin A in the 
livers of rats previously injected with carotene intrasplenically. These died on the 
forty-fourth day or were Icilled on the forty-sixth day. 


RAT 

SEX 

BODY WEIGHT IN GM 

LIVER 

NO. 

Depletion 

Maximum ^ 

Pinal® 

Carotene 

Vitamin A 

30- 

M 

108 

127(26) 

112(45) 

MM 

141 

I.U. 

18.4 

31 

F 

92 

125(35) 

115(45) 

171 

17.4 

33 

F 

93 

135(25) 

121(45) 

76 

12.4 

41 

F 

106 

144(25) 

126(45) 

77 

8.3 

39 

M 

90 

i 133(35) 

128(40) 

185 • 

41.5 ' 

42 

F 

119 

! 128(14) 

91(40) 

214* 

98.8 ’ 

Average 

« 




116 

'l4.i 


* Figures in parentheses are the first day the maximum weight was attained. 

* Figures in parentheses are the day of tha last weight before the rat died or 
was killed. 

* Animals died on forty-fourth day. Because post mortem autolysis of liver had 
started before the organ was removed, these results are not included in average. 

^Average of first four rats only. 
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No appreciable amount of vitamin A over the basal level 
was found after intrasplenic injection of carotene except in 
the case of rats 39 and 42 which died of vitamin A deficiency. 
Had this amount of vitamin A been available earlier, it pre- 
sumably should have been sufiBcient to alleviate the deficiency 
symptoms. 

DISCUSSION 

Carotene was not found in the liver of the rat even after 
large amounts were administered as the plasma or lecithin sol 
or as a cottonseed oil solution provided the oral route was 
used. Moreover, carotene could not be detected in the liver 
of rats which had received a diet containing 25% of alfalfa 
flour for 14 days. That the carotene administered orally must 
have been absorbed in large part was indicated by absorption 
experiments as well as by the proof that it was not destroyed 
in the excised gut over a 24-hour period. Further proof that 
the carotene had been metabolized is afforded by the fact that 
increased levels of vitamin A were found in the liver over those 
of the control animals. 

On the other hand, carotene is deposited in the liver to a 
large extent when given parenterally either as a plasma or a 
lecithin sol or in cottonseed oil solution. Moreover, it is re- 
tained in the liver over long periods of time since relatively 
large amounts of stereochemically pure carotene were found 
46 days after the injection. 

In spite of the fact that relatively large amounts of caro- 
tene may remain in the liver after its parenteral injection,, 
such carotene cannot be used as a source of vitamin A. The 
livers of two rats which died on the forty-fourth day after in- 
trasplenic injection of carotene had 185 and 214 pg of caro- 
tene, respectively. This quantity would be sufficient to cause 
limited growth over more than a year if administered at a 
level of 0.5 pg daily as we have obtained a minimum growth 
for 28 days in bioassay tests at that level (Deuel et al., ’45). 

When carotene is introduced intrasplenically, it may be 
argued that it is immediately taken up by the Kupfer cells on 
reaching the liver where it is retained as any foreign substance 
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would be (Maximow and Bloom, ’42). However, vitamin A 
when injected by the same pathway is utilized. Under normal 
conditions when carotene is given orally one should expect it 
to reach the liver from the gastrointestinal tract in part or at 
least also by the portal route. Why should it not under these 
conditions also remain immobilized in the liver? 

In the first place, it is possible that it may be metabolized 
if it reaches the Uver in low concentrations while if adminis- 
tered in large amounts, it is deposited in the Kupfer cells and 
can only with difficulty be utilized if at all. However, the fact 
that there is no indication of a better utilization when admin- 
istered in low doses as compared with high concentrations 
, would seem to speak against this idea. Secondly, the possibility 
exists that carotene may normally be largely absorbed by the 
lymphatics and then reach the liver first through the hepatic 
circulation, thus avoiding the portal route. However, in the 
experiments where the plasma sol was injected into the heart, 
this pathway should be duplicated and a large proportion of 
the carotene still remained inactivated in the liver. Finally, 
carotene might under normal conditions be carried to the 
liver in small amounts as a protein conjugate. Such a combin- 
ation apparently exists in the case of some species of animals^ 
although it has not been detected in rat blood (Zechmeister, 
’34). 

It is possible that if such a conjugated material is formed, 
it may be removed by the liver of the rat and converted to 
vitamin A at a rate greater than that at which it enters the 
blood stream. None of these possibilities offer an entirely 
satisfactory explanation of the differences obtained for the 
behavior of parenterally- and orally-introduced carotene. 

The experiments confirm those reported earlier by Lease 
et al. (’42), who found that the amount needed for growth 
was ten to one hundred times as great when aqueous carotene 
sols of oil solutions of carotene were given intraperitoneally 

^ One of us ( J.W.M.) has shown in confirmation of other workers that the caro- 
tenoids in cow's blood migrate in the Tiselius apparatus with the beta globulin 
fraction. 
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or subcutaneously as contrasted with the quantity required 
when the products were administered orally. Deficiency symp- 
toms and death occurred when considerable amounts of caro- 
tene were still in evidence in the liver, in lymph nodes in the 
peritoneal cavity and at the sites of injection. On the other 
hand, vitamin A was well utilized when given parenterally. 

The present experiments not only confirm Lease et al. ( ’42) 
but they extend the observations in demonstrating that the 
deposited carotene is unaltered and that it is stereochemically 
identical with the injected product. Our experiments also dem- 
onstrate that no fundamental disorder in carotene metabolism 
develops in rats having these abnormal deposits of carotene. 
Otherwise, carotene administered orally would not correct 
the deficiency symptoms and cause a resumption in growth. 

A further difference in the behavior of carotene adminis- 
tered parenterally as contrasted with that given orally is that 
it fails to give rise to any vitamin A in the liver. The aver- 
age values of 7.9 and 9.1 I.U. obtained for apparent vita- 
min A per gram of liver are within the range found in the 
livers of vitamin A-depleted control rats (8.4r-12.1). After 
the oral administration of carotene in oil, a mean of 109.7 I.U. 
of vitamin A was present while after the alfalfa diet 42.4 I.U. 
were found per gram of liver. Lease et al. (’42) also were 
unable to demonstrate vitamin A storage in the liver after 
prolonged parenteral injection. 

It is hard to reconcile the data reported here with the cur- 
rent conceptions of carotene metabolism. If carotene is nor- 
mally transformed to vitamin A in the liver, then one should 
be able to demonstrate such an enzymatic system in a more 
convincing manner than has hitherto been possible. One 
should also be able to find appreciable amounts of carotene 
in the blood and definite amounts in the liver unless it is as- 
sumed that the enzymatic change is so rapid that it would 
prevent any accumulation of the provitamin. Finally, the 
almost complete ineffectiveness of parenterally introduced 
carotene to effect any prolonged remission of avitaminosis A 
symptoms even when considerable amounts of pure carotene 
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are still present in the liver would also argue against the liver 
as the site of activation of the carotene. Coupled with this 
observation is the fact that no vitamin A is deposited in the 
liver after such parenterally introduced carotene while con- 
siderable amounts are stored after the oral administration of 
comparable amounts of the provitamin. 

One explanation for these phenomena would be that caro- 
tene is transformed into vitamin A in the rat before reaching 
the blood stream, A possible site for the transformation of 
carotene to vitamin A might be in the intestinal wall. The 
change does not take place within the lumen as no destruction 
was found in carotene present in the excised gut over a 24- 
hour period at 37°C. Considerable amounts of carotene also 
accumulate in the wall of the intestine during absorption 
(Shaw and Deuel, ’44) so the transformation there cannot be 
an immediate one. 

In earlier experiments on carotene absorption, a complete 
absorption of this provitamin was indicated when given in oil 
solution (Shaw and Deuel, ’44). After administration of an 
average of 3640 ng of carotene in oil, 3110 Mg had disappeared 
from the lumen of the gut by 18 hours. Over 50% (2040 Mg) 
was shown to be present in the wall of the intestine at this time. 
This was in contrast with the results of Kemmerer and Fraps 
(’38) and a more recent report of Fraps and Meinke (’45). 
A possible explanation of these discrepancies is that our 
earlier tests were carried out with rats previously fasted 2 
days or more with the result that no feces were produced or 
if so only at the start of the test. In the experiments of Fraps, 
the animals were fed during the absorption tests which re- 
sulted in carotene being mechanically carried out. When fed 
as a component of vegetables, it is also probable that an in- 
complete digestibility may be ascribed to an incomplete 
breakdown of the vegetable fibers. In the present tests, con- 
siderable portions of carotene were excreted in the feces but 
this is partly to be ascribed to the fact that the rats were fed 
instead of fasted previous to and during the carotene absorp- 
tion. In the series where carotene was given in oil to fasted 
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rats, less than 15% was excreted in the feces. This incomplete 
absorption in the present tests may also be because smaller 
rats were employed than in the former experiments. 

SUMMARY 

1. No relation was found between the rate at which caro- 
tene was destroyed after parenteral injection in the rat and 
the previous level of vitamin A administration. Vitamin A 
had been given at levels of 0, 30, 450, 900 or 3000 I.U. daily 
for 28 days previous to the carotene administration. 

2. No carotene could be demonstrated in the livers of rats 
after oral administration of carotene as a plasma or lecithin 
sol, or in a cottonseed oil solution or after feeding a diet con- 
taining 25% of alfalfa for 14 days. Increased levels of vitamin 
A were observed in the livers under such conditions. 

3. Carotene was deposited in the liver after parenteral in- 
jection. It was still present in considerable amounts 46 days 
after the injection and it was shown by spectrophotometrie 
measurements and by chromatographic separation to be all- 
trans-3-carotene. 

4. No increase in vitamin A could be demonstrated after 
the parenteral injection of carotene. 

5. When an excess of carotene was administered orally or 
an excess of vitamin A was injected intrasplenically in a single 
dose to vitamin A-depleted rats which were then continued 
on a vitamin A-free diet, identical growth responses were ob- 
tained, and the times when the maximum weight was attained 
were similar. The average length of survival without addi- 
tional vitamin A was also approximately the same. On the 
other hand, after a similar excess of carotene was injected 
intrasplenically, only a slight growth was obtained and the 
animals died with the livers still containing large amounts of 
3-carotene. The quantities of carotene still remaining in the 
liver at the time of death were sufficient to have maintained 
the animals well over a year if given in divided doses orally. 

6. No intrinsic impairment in carotene metabolism was 
found in rats showing signs of avitaminosis-A after intra- 
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Splenic injection of carotene since they were able to utilize 
this provitamin when given orally. 

7. No carotene was destroyed in the excised gastrointes- 
tinal tract of rats kept at 37 °C. for 24 hours. 

8. The possibility is suggested that the conversion of car- 
otene to vitamin A may be an extra-hepatic function in the rat. 
The wall of the intestine is suggested as a possible site of such 
transformation. 
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GROWTH AND FOOD PREFERENCE OF RATS FED 
A LACTOSE-DRIED MILK RATION CONTAINING 
BUTTER FAT OR CORN OIL^ * 

D. B. PAEBISH, E. BOBERTA 8HIMER AND J. S. HUGHES 
Kansas Agricultural Experiment Station, Manhattan 

ONE FIGURE 

(Eeceived for publication October 8, 1945) 


In a series of investigations on the nutritive value of butter 
and vegetable fats, Boutwell et al. (’43 a, b; ’45) and Geyer 
et al. ( ’43) came to the conclusion that when lactose was the 
sole carbohydrate of the diet butter fat promoted better 
growth of weanling rats than did vegetable fats. The effect 
was more pronounced on diets containing high levels of lac- 
tose. When other carbohydrates or carbohydrate mixtures 
were used, this difference was not observed. The inferiority 
of corn oil in the lactose-containing rations could be reduced 
by the addition of vitamins of the B-complex. Zialcita and 
Mitchell (’44), and Deuel et al. (’44, ’45) did not find butter 
fat to cause greater gains in weight than did vegetable fats, 
but their rations did not contain added lactose. 

The possibility that there are differences in the nutritive 
value of these different fats has created so much interest and 
the conclusions appear to be in such an unsettled state (Food 
and Nutrition Board, ’43), it was thought desirable to gain 
further information on the problem. In the present experi- 
ments it was decided to employ butter fat and corn oil rations 
used by investigators working at the University of Wisconsin. 
A study of food preference also was made. 

^ Contribution no. 303, Department of Chemistry. 

® Supported in part by a grant from the American Dairy Association. 
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METHODS USED 
Growth studies 

The strain of rats and rations selected for these experiments 
were the same as used in some investigations by Geyer et al. 
(’43).“ Except for experiments V-A and V-B, the rats were 
obtained from Sprague-Dawley, Madison, Wisconsin; 40-45 
gm males weaned at 20 days of age were specified. The rats 
used for experiments V-A and V-B were from the colony at 
this laboratory, the original stock having come from the above 
source. 

The rations consisted of the following : ether-extracted skim 
milk powder, 50 parts; lactose (milk sugar, U.S.P. Merck), 
20 parts ; and either butter fat or corn oil, 30 parts. Minerals 
were added so that 10 gm of the complete ration contained 1.5 
mg of elemental iron, and 0.15 mg each of elemental copper 
and manganese. To each 100 gm of fat were added, carotene,^ 
2 mg; a-tocopherol, 8 mg; calciferol,® 0.05 mg; and 2-methyl, 
1, 4-naphthoquinone, 0.75 mg. Spray-dried skim milk powder 
was obtained from a plant in Northeastern Kansas. Unsalted, 
sweet-cream butter was made from cream obtained from the 
College Dairy; the fat was separated by melting the butter 
and careful decantation from the water and curd. Corn oil * 
was obtained from a local market. 

In order that possible variations in ingredients might be 
checked, rations of the same composition, prepared at the 
University of Wisconsin, were used for experiment TV-C.’ 

Weanling rats obtained from the dealer were distributed 
by weight into the experimental groups ; those raised in this 
laboratory were distributed by litter, sex, and weight. The 
rats were placed in individual cages with wire floors. Drop- 
pings and any wasted food fell onto papers placed in pans 
beneath the cages. The animal room was maintained at 26- 
27 °C. Each rat was provided a little more food than would be 

^ K. K. Boutwell 1944 Personal communication. 

* /9-carotene, 90%; a-carotene, 10%. 

“ Kindly supplied by E. I. du Pont de Nemours and Company. 

• Mazola. 

’ We are indebted to B. K. Boutwell for supplying these rations. 
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consumed before the feeding on the following day. Rations 
were mixed at not longer than 2- week intervals, kept in tightly- 
closed jars in the refrigerator, and each day only the feed 
needed to fill the food cups was removed. 

The rats were weighed each week. Records were kept of 
the weight of ration fed and of any wasted food dropping onto 
papers beneath the cages. Water was provided ad libitum. 

Food preference 

The rats used for a study of food preference previously 
had been used on both growth and maze-learning experiments. 
(A report on the latter is in preparation.) During the maze- 
learning trials a restricted feeding schedule was followed 
which allowed continual growth but resulted in the rats be- 
ing motivated by hunger during the tests. At the completion 
of these learning trials the rats had been on one of the experi- 
mental diets from 7 to 10 weeks. Food preference was tested 
by placing the rats in the entrance to a short runway, at the 
opposite end of which were small food cups, one containing 
the corn oil ration, the other containing the butter fat ration. 
In experiment II-B the food cups were alike, and their posi- 
tions were interchanged in a random manner. For the other 
two experiments the corn oil ration was placed in a black cup 
and the butter fat ration in a white cup of the same design. 
The cups were kept in the same positions throughout the ex- 
periment to enable the rat to learn the location of the food of 
its choice, if it had such. Except for the small amount of food 
obtained from the cups during the experiment, the rats were 
maintained on the restricted feeding of either the butter fat 
ration or the corn oil ration used during the maze-learning 
trials. 

Twice the rats were placed in the entrance to the runway 
and allowed to explore the food cups and become oriented to 
the new situation. On the following days each rat was given 
two trials in which it was allowed to select and eat the chosen 
food; records were kept of the first three choices made. A 
choice was recorded only when the rat ate some of the food 
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from the cup ; nothing was recorded if the rat merely explored 
and turned away from the food. When not as many as three 
choices were made, the food selected and eaten for a period of 
15 seconds was recorded as the last choice. After the rats had 
eaten for 15-20 seconds, they were I'emoved from the runway. 
It is believed this technique enabled the rat to select freely 
whichever food appeared the more attractive. The duration 
of the tests was : experiment II-B, 4 days ; experiment III, 6 
days; and experiment IV-B, 9 days. In each experiment 
twelve rats were used, half previously having been on each 
ration. 

EESULTS 

Growth studies 

The growth studies are summarized in table 1. In all cases 
the rats fed the butter fat ration made greater average gains 
in weight and also ate more of the food. In four experiments, 
II-B, IV-A, V-A, and V-B, the gains were significant at either 
the 1% or 5% level of confidence, (t-test, Lindquist, ’40). 
Likewise, the difference in average food consumption was 
significant for experiments IV-A, V-A, and V-B. An analysis 
of the average efficiency of conversion of food to body tissue 
showed that male rats fed for 6 weeks in four different experi- 
ments utilize either food fqr growth to a similar degree of 
efficiency, all values being between 39.6 and 43.7. Females did 
not appear to utilize the ration as efficiently as the males, al- 
though similar gains were made on both rations. Rats fed for 
2h or 3 weeks utilize the ration more efficiently than when fed 
for a total of. 6 weeks. 

Although significant average differences in food consump- 
tion were found in only three experiments (probably due to 
individual differences in rats), the gain in weight made by 
each individual is related to the intake of either ration. In 
figure 1 this relationship of food consumed to gain in weight 
has been shown for all the male rats fed for a total of 6 weeks. 
A plot of the data for females has not been included ; it was 
similar, except for a small shift in the values due to the smaller 
gains in weight per gram of food consumed. 
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Smaller average gains, significant at the 1% level, were 
made on food obtained from the University of Wisconsin 
laboratory, but the conversion to body tissue did not differ 
appreciably from that found in a simultaneous experiment 

TABLE 1 


Distribution of the rats, food consumed, gains in weight and average efficiency 

during growth studies. 


EXBEBT 

AGE AT 
START or 

DURA- 

TION 


RATS ON 

AV.WT. 

AV GAIN 

AV WT. 

AVERAGE 
EFFICIENCY 
(GM GAIN/ 
GM CON- 
SUMED) 

X 100 

MENT 

EXPERI- 

OF EX- 

RATION 

EACH 

AT 

IN 

OP POOD 

NO. 

MENT 
AND SEX 

PERl- 

MENT 


RATION 

START 

WEIGHT 

CONSUMED 


days 

weeks 


no. 

pm 

pm 

pm 


II-B 

21 (M) 


Corn 

6 

40 

57 

110 

51.8 


Butter 

6 

40 

66 

113 

58.5 

IV A 

22 (M) 


Corn 

12 

42 

59 

121 

48.8 

3 








Butter 

12 

42 

71 

144 

49.4 

II-A 

21 (M) 


Corn 

6 

40 

159 

367 

43.3 

6 







Butter 

6 

40 

164 

376 

43.6 

IV-B 

22(M) 1 


Corn 

6 

41 

153 

350 

43.7 

6 i 




1 



Butter 

1 6 

1 

: 43 

168 , 

, 384 

43.7 

IV-0 

22 (M) 


Corn ‘ 

I 

i ^ 

' 41 

131 

1 

i 307 

42.6 

6 





1 

1 

Butter ‘ 

6 

1 

41 

1 

1 

342 

39.6 

V-A 

21 (M) 

1 

1 6 

Corn 

1 15* 1 

40 

1 121 ' 

1 1 

300 

40.4 


Butter 

1 15 

40 

i ' 

j 332 

43.1 

1 




Corn 

11* 

41 

105 

i 280 

37.5 

V-B 

21(F) 

6 

1 


1 



Butter 

, 11 

42 

1 116 

1 

1 ^1^ i 

1 I 

1 36.6 


‘ Feed prepared at Wisconsin University. 

® Litter mates raised at K.S.C. ; all other rats from Sprague-Dawley. 


(IV-B) using rations prepared in this laboratory. The differ- 
ence in weight gains indicates a difference in the ration even 
though prepared according to the same directions. Since the 
effect was observed on both the corn oil and the butter fat 
rations, the powdered milk may have been the variable in- 
gredient. However, the fact that the rations prepared in this 
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laboratory were fresher may have influenced the results ob- 
tained. Probably this was not an important factor, since the 
Wisconsin rations were kept in a refrigerator and rancidity 
was never detected. 

Diarrhea affected many rats, except in experiments V-A 
and V-B. The condition almost always disappeared in from 
5-15 days, generally clearing up a little more rapidly in the 


CAIN IN WEI6HI; 
CRAMS 



FOOD INTAKE, GRAMS 

Fig. 1 Scatter diagram showing the relation of gain in weight to food intake 
for male rats fed butter fat or corn oil rations for 6 weeks. 

rats fed the butter fat ration. Bats with diarrhea were not 
discarded as was done by Deuel et al. (’44), since there is 
evidence that this condition may possibly be associated with 
lactose diets (Ershoff and Deuel, ’44; Whittier et al., ’35). 
In the entire series of experiments only one animal had to be 
discarded because of death. This rat appeared entirely normal 
the previous day. The apparent difference found in the effici- 




NTJTBITIVE VALUE AND FAT PEBFEEBNCES 


327 


ency of conversion of the rations to body tissue by rats fed for 
only weeks (experiment II-B) may have been due to diar- 
rhea which affected many of the animals. The condition 
cleared up more rapidly for the rats fed the butter fat ration 
but remained till near the end of the experiment in rats fed 
the corn oil ration. 

The fur coats of rats on the experimental rations were 
slightly rougher than those of colony rats fed a complete 
stock ration, but no differences were apparent among animals 
on the two experimental rations. A few rats developed a mild 
alopecia on the posterior part of the abdomen; the condition 
was not general enough to associate with either diet or experi- 
mental group. 

Food preference 

The first and final (or third) choices of rations in the food- 
preference experiments are recorded in table 2. In experi- 
ments II-B and III the rats showed a tendency to prefer the 
food previously received ; particularly is this true for the rats 


TABLE 2 

Food choice of rats fed butter fat and corn oil rations. 


EXPT. 

PRKVlOrg 

FIRST CHOICE 

1 

1 I^AST CHOICE ^ 

NO. 

RATION 

Corn oil 

Butter fat 

C »rn oil 

Butter fat 

II-B 

Corn oil 

26 

22 

28 

20 






Butter fat 

18 

30 

14 

34 

1 

III 1 

Corn oil 

34 

38 

45 

27 

1 Butter fat 

15 

57 

18 

1 

54 


Corn oil 

57 

51 

55 

53 

IV-B j 



83 


Butter fat 

75 

3.3 

! 25 

Total 

Comoil 

117 

111 

128 

TOO 

Butter fat 

108 

120 

1 115 

113 


'The food the rat selected and ate for 15 seconds; or if the rat did not eat a 
selected food for 15 seconds, the third choice was recorded. In some cases the first 
and last choices are the same, and it is recorded under both headings. 
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fed the butter fat ration. The results on experiment IV-B are 
difficult to understand, since the rats previously fed the butter 
fat ration exhibited a decided preference for corn oil. It is 
unlikely that anything was seriously wrong with the ration, 
for the animals previously fed corn oil selected the butter fat 
ration almost as frequently as they did the corn oil. Further- 
more, a new batch of feed was tried with the same results. 

While some rats had (or developed) a preference for one 
or the other ration, learning its location, going immediately 
to it, and eating it for at least 15 seconds, other rats appeared 
to be indifferent, sampling first one and then the other ration. 
A further indication that the rats preferred the food previ- 
ously received is obtained from the animals showing an ex- 
clusive food preference on the last 2 days of the respective 
experiments. It was found that five “butter” rats preferred 
the butter fat ration and two the corn oil ration, while seven 
“corn oil” rats preferred the corn oil ration and three the 
butter fat ration. 


DISCUSSION 

The fact that in each experiment greater average gains in 
weight were made on the butter fat rations (significant in four 
cases) would indicate there is a difference in response when 
the two fats are incorporated in lactose-skim milk diets. But 
factors as yet unidentified lead to results which in repeated 
experimentation are not always reproducible. The differences 
in intestinal flora and the requirements for the B-vitamins 
have been suggested as possible causes of differences in re- 
sponse of rats on corn oil and butter fat in rations containing 
lactose (Boutwell et al., ’43; ’45). Perhaps variations in the 
development of the flora, even when rats of the same strain 
are fed rations made from the same ingredients, are the cause 
of a variable response from one experiment to another. Com- 
parison of the growth response made on the rations prepared 
at the University of Wisconsin and the rations prepared in 
this laboratory indicates another possible reason why results 
of studies of the nutritive value of fats do not always agree. 
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A further explanation for the different conclusions which ap- 
pear in the literature is that no two groups of investigators 
have published results based on the same experimental rations. 
It should be noted that these results agree more closely than 
do any previous studies with those reported by the Wisconsin 
investigators who used the same strain of rats and high lac- 
tose diets. 

Although other investigators also have shown that rats 
consume more of a butter fat ration than of a corn oil ration, 
opinions differ concerning the reason. Deuel and Movitt ( ’44) 
suggest it is due to the fact that rats prefer a butter flavor, 
while Boutwell et al. ( ’44) believe the effect is due to a superi- 
ority of the ration not associated with flavor. 

The technique employed in the present study of food pref- 
erence differs from other studies in that the rats were moti- 
vated by hunger during the tests, but a priori the present 
technique is not less valid for determining food preference. 
Although on the experimental diets for 7 to 10 weeks, the 
hungry rats did not recognize the butter fat ration as superior 
to the corn oil ration when offered a choice. Likewise, the 
food containing the natural butter flavor was not selected 
more frequently by the rats previously fed on corn oil, as 
would be expected if flavor determined the choice of ration. 
But a comparison of the results on this study to others wherein 
ad libitum feeding was practiced brings up a question whether 
the two rations might appear equal for satisfying immediate 
needs, although appetite remains longer for butter fat, or this 
ration produces a physiological condition in the animal which 
stimulates greater consumption. Thus in ad libitum feeding, 
this might account for the greater average gains in weight 
made on certain rations containing butter fat. 

SUMMARY 

1. All groups of rats fed ad libitum on butter fat rations 
made greater average gains in weight than those fed corn 
oil rations. The results were significant in four of the seven 
experiments. 
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2. All groups of rats fed butter fat showed a greater aver- 
age consumption of the ration than did those fed corn oil. The 
results were significant in three of the seven experiments. 
The gain in weight made on either ration was related to the 
quantity of food the rat consumed. 

3. The average efficiency of conversion of the food to body 
tissue over a 6-week period was similar for both the butter fat 
ration and the corn oil ration. 

4. When given a choice, hungry rats previously fed com oil 
exhibit no preference for the butter fat ration over the corn 
oil ration. The results in these experiments were not found 
to be consistent for the rats fed the butter fat ration. 

5. Eations of the same composition, made of ingredients 
from different sources, did not cause the same growth response 
when used in simultaneous feeding experiments. 
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According to Thorbjarnarson and Drummond (’38) the 
storage of fat or cholesterol in the liver tends to increase the 
total amount of vitamin A stored. When choline was included 
in the diet the amount of fat in the liver and the amount of 
vitamin A stored was decreased. In rats allowed to accumulate 
large reserves of vitamin A by dosing with a concentrate, 
and subsequently restricted to various modifications of a diet 
deficient in vitamin A, rapid loss of the vitamin from the liver 
was observed. The inclusion of a high proportion of fat ap- 
peared, however, to retard the rate of loss, this effect again 
being counteracted by the addition of choline. Very small 
amounts of vitamin were present in the livers of the rats in 
the series in which fatty livers were produced by high-fat and 
cholesterol-containing diets. In the series in which large doses 
of vitamin A were given, fatty livers were not produced except 
for mildly fat livers in one group. The data do not indicate 
that the rate of accumulation or depletion of liver vitamin A 
was dependent upon the level of fat in the liver although some 
relation to level of dietary fat was indicated. 

‘ This study was supported by a grant from Swift and Co., Chicago. 
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Lease and Steenbock (’39) compared choline-low high-fat 
and low-fat diets containing adequate protein, and the same 
high-fat diet with and without choline, in similar depletion 
experiments. They found no differences in rate of vitamin A 
loss due to dietary or liver fat levels. 

Popper and Chinn (’42) used the fluorescence microscope 
to study the distribution of the decreased amount of vitamin 
A which they found in the livers of choline-deficient rats fed 
carotene. Chemical analysis showed that these rats had from 
1.3 to 19 1.U. vitamin A per gram, of liver, in contrast with the 
normal value of more than 200 I.U. They stated that inability 
of the liver to convert carotene into vitamin A was not a 
major factor in causing this decrease since preliminary experi- 
ments had shown the same results when vitamin A replaced 
the carotene. No data on the vitamin A fed rats were given. 
Clayton and Baumann ( ’44) measured the depletion of vitamin 
A in the liver with and without choline using adult rats and 
mice which had initial uniform stores of vitamin A. They 
found no difference in the amount of hepatic vitamin A ac- 
cumulated or retained on the high-fat diets regardless of 
their choline content or the amount of fat in the livers. In one 
series they used an adequate protein or methionine-low low- 
fat diet without choline upon which severe choline deficiency 
rapidly developed. In 10 or 20 days no difference in vitamin 
A content of livers, kidneys or other organs developed between 
the choline-fed and deficient groups. The fat content of the 
livers was not specified. 

In view of these differences it was thought that possibly 
inability of the liver to convert carotene to vitamin A during 
choline deficiency might be a more important factor than 
Popper and Chinn suspected, since they found greater dif- 
ferences in the amount of vitamin A stored during choline 
deficiency than did the other workers who fed vitamin A rather 
than the provitamin. Furthermore, since the excess fat in the 
liver of rats on choline-deficient diets accumulates in the 
hepatic cells, if less vitamin A were stored by the choline- 
deficient rat than by the choline-fed rat receiving carotene 
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this might be indicative of the site of conversion of carotene 
to vitamin A. 

Lasch and Roller ( ’36) in another attempt to discover the 
site of storage of vitamin A made a study of the role of the 
hepatic reticulo-endothelial system. This was done by in- 
jecting substances which were taken up by the reticulo-endo- 
thelial system in amounts just below the lethal dose, for 3 
days prior to, and 3 days during, the injection of vitamin A.* 
Guinea pigs and rabbits whose reticulo-endothelial system 
had been blocked in this manner had a decreased storage 
capacity for vitamin A and in a few cases the animals’ storage 
capacity was said to have been abolished completely. On the 
basis of the results reported the authors concluded that the 
storage of vitamin A in the liver depends on its reticulo- 
endothelial system (the Kupffer cells). 

With these results in mind an attempt was made to deter- 
mine the role of the Kupffer cells in the conversion of carotene 
to vitamin A by feeding carotene to rats whose reticulo- 
endothelial system had been blocked in a similar manner. 
Trypan blue was the only dye used in this study, and vitamin 
A storage was determined after the feeding of vitamin A or 
carotene. 

Thus by packing the hepatic cells with fat by means of 
choline-deficient diets and the Kupffer cells with the dye, an 
effort was made to establish in one or the other the site of 
carotene transformation and of vitamin A storage. 

METHODS 

Chemical. The livers were analyzed for vitamin A by a 
modification of the Davies ( ’33) method, the Carr-Price blue 
color being read in the Evelyn photoelectric colorimeter. 
Total solids wore determined by drying the samples in a 
vacuum oven at 50°C. Diver “fat,” was determined by ex- 
tracting the dried samples with anhydrous ethyl ether in a 
modified Soxhlet apparatus and weighing the “fat,” which 

* Vogan. 
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had been dried in a vacuum dessicator after evaporation of 
the ether. 

THE CHOLINE EXPERIMENT 

The low-fat diet. Rats from the stock colony were prepared 
as for a vitamin A assay, that is, the females were placed on 
a vitamin A-low skim milk diet for the last week of lactation. 
The weanling rats were continued on this diet to the twenty- 
eighth day at which time they had attained an average weight 
of 57 gm. They were then placed on the low-fat diet employed 
by Clayton and Baumann (’44) which contained hot-alcohol 
extracted casein 3.5, cystine 0.15, brewers yeast 3.5, salts * 2.9, 
cottonseed oil 1.5, and dextrin 88.5. Choline was added as 0.3% 
of the diet fed the control groups. The animals received the 
experimental diet, which was vitamin A-free, for 1 week with- 
out any additional vitamin A, after which the vitamin A or 
carotene ® oil supplement was given for 1 month at which 
time they were sacrificed. The oil supplement was given 
three times weekly by stomach tube and the other vitamin 
supplements were injected six times weekly, at a level of 20 
Mg daily of thiamine, ribofiavin and pyridoxine, and 100 pg 
daily of Ca pantothenate and nicotinic acid amide. The B 
vitamins were given to supplement the somewhat inadequate 
amount of yeast in the diet. The litters were evenly divided 
into groups of ten or more rats of each sex. One group of 
male and one group of females rats fed carotene also received 
3 mg mixed tocopherols ® daily. The livers from each group of 
rats were pooled for chemical analysis. Some rats from each 
group were sacrificed in order to confirm the absence of vita- 
min A in the liver before the oil supplements were given. 

The high-fat diets. Similarly prepared rats were placed 
on a diet containing hot-alcohol-extracted casein 10, fat 35, 

“ Hubbell^ Mendel and Wakeman ^37. 

* The vitamin A was given as reference cod liver oil, 0,42 gm total per week. 

* Carotene in oil concentrate, 2.2 mg per gram. The total amount of oil given 
was 0.8 gm per week, 

•Concentrate of natural mixed tocopherols, 40%. This was kindly supplied by 
K. Hickman of Distillation Products, Inc*, Bochester, N. Y, 
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sucrose 51, and salts '* 4, when the males weighed approxi- 
mately 98 and the females 88 gm. The B vitamin supplements 
were given as in the low-fat diet. Choline was again added as 
0.3% of the diet for half the groups. The same oil supplements 
used with the low-fat diet were given after the animals had 
been on the high-fat diets for 10 to 12 days. The groups which 
were to receive carotene plus tocopherols were omitted and 
the diet was prepared with two different types of fat instead, 
lard and hydrogenated cottonseed oil. Since lard, commonly 
used in high fat diets, is known to be deficient in vitamin E, 
and is highly oxidative, the hydrogenated cottonseed oil 
which contains tocopherols was employed for half of the 
animals. 

Preliminary vitamin A analysis of livers. Seven rats died 
as a result of choline injection when thej'^ were first placed 
on the low-fat diet. The injection of choline was then dis- 
continued and it was incorporated in the diet. The pooled 
livers of these weanling rats w'ere found to contain 2.6 ag 
vitamin A per gram. The livers of twelve rats sacrificed after 
1 week on the low-fat diet without any vitamin A supplement 
were tested individually for vitamin A and all were found to 
be negative. One rat that received carotene and tocopherols 
in addition to the choline-deficient diet, killed on the second 
day was found to have 7 ng vitamin A in its liver. Two 
similarly treated rats bad 6 and 13 Mg vitamin A per liver 
after 20 days of supplementary feeding, while a rat that 
received choline and vitamin A for the same period had 44 Mg 
of the vitamin in its liver. The livers of three rats receiving 
the high-fat diet for 1 week without the vitamin were found 
to be devoid of vitamin A. 


BESULTS 

Changes in body vceight. The rats on the low-fat diet 
deficient in choline gained twice as much weight as did those 
which received choline. The reverse was true of the groups 
fed the high-fat diets. Growth on none of these diets was 
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normal either with or without choline, but the high-fat diets 
were superior to the low-fat diet. 

Mortality. All rats on the low-fat diet survived with the 
exception of the animals accidentally killed. There were no 
accidental casualties among the animals on the high-fat diets, 
but three rats on each type of fat-diet deficient in choline died 
before the termination of the experiment. 

The fat content of the livers. When choline was withdrawn 
from the diet fatty livers resulted in all cases, the effect being 
greatest on the lard diet and least on the low-fat diet. As the 
fat content and total weight of the livers increased, the 
moisture content decreased. When choline was given the total 
weight, fat and moisture of the livers were normal. 

Vitamin A storage in the liver. Interpretation of the data 
involved comparisons of amounts of vitamin A per gram of 
fresh liver tissue, per gram of non-fat fresh liver, per gram 
of non-fat liver solids, per gram of liver fat, and per liver. 
The ability of the active liver tissue to accumulate the vitamin 
was probably best represented by the vitamin concentration 
of the non-fat liver solids, or by the total amount of the 
vitamin retained per liver, since these measures eliminate the 
influence of the liver fat upon the apparent vitamin concen- 
tration. The data are presented in table 1 and the total 
vitamin A per liver and the concentration of fat in the 
livers compared in figure 1. Since sex and the addition of to- 
copherols in some of the carotene groups did not influence 
the results significantly, all groups on the same diets and re- 
ceiving the same vitamin supplement were combined in the 
figure. 

On all diets very low stores were produced on 250 (jg caro- 
tene daily, 50 pg per liver being the maximum. On the low-fat 
diet with choline this storage amounted to. about one-third of 
that acquired from 100 I.U. vitamin A daily,* without choline 
it approximated that produced by the vitamin A dosage. On 
the high-fat diets liver vitamin A from carotene feeding was 
less than a tenth of the amount produced by vitamin A feeding 
and was practically negligible.' 



TABLE 1 

The storage of vitamin A in 28 days as influenced hy the addition of choline to low-fat and high-fat diets. 
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On the low-fat diet. On the low-fat diet where fat de- 
position was relatively low, when choline was withheld the 
rats receiving vitamin A stored less than one-half as much as 
did those which received choline, compared on any of the 
bases available (table 1). When carotene was given, the 
amount of vitamin A stored was not influenced by the with- 
drawal of choline. There was in the latter case, some reduction 
in the amount of vitamin A stored by the female animals but 



Pig. 1 Total vitamin A and per cent fat in the livers of rats fed dextrin (low 
fat) and high fat diets with and without choline. 

this was not considered to be significant. The amount of 
vitamin A stored was not influenced by feeding tocopherols 
with the carotene in this experiment. 

On the high fat diets. On the lard diet where fat deposition 
was the greatest, the total amount of vitamin A stored in the 
livers, as well as the concentration per gram of fat-free liver 
or liver solids, was nearly the same with and without choUne- 
when vitamin A was fed. The concentration of the vitamin 
in the fresh liver tissue was reduced in the latter case due to 
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the increased size of the fatty livers (table 1). This was also 
true on the hydrogenated cottonseed oil diet but in this case 
the withdrawal of choline resulted in a small increase of 
doubtful significance in the total amount of vitamin A stored. 
The accumulation of the vitamin appeared to be consistently 
greater on the cottonseed oil than on the lard. 

When carotene was fed the animals on the high-fat diets 
stored less vitamin A than did those on the low-fat diet. The 
amount of storage was less when choline was withdrawn 
from these diets but it is not likely that this lowering was 
significant at these extremely low levels. 

Sex. There seemed to be no clearly established pattern 
of response which could be attributed to a difference in sex, 
although in most of the groups the females stored more 
vitamin A than did the males. 

CHOLINE EXPERIMENT 
Discussion 

Vitamin A. The increase in the fat content of the liver 
induced by a dietary deficiency of choline was associated 
with a decrease in the vitamin A deposit in the liver of rats 
receiving a fixed amount of vitamin A with the low-protein, 
low-fat, high carbohydrate diet. On the low-protein, high-fat 
diets no such effect was seen. Liver fat deposition was least 
on the low-fat choline-free diet, hence if vitamin A storage 
were inversely related to this factor the least effect of the 
choline should have occurred in this case. But definite im- 
provement in storage with choline was seen only on this diet. 

Carotene. Differences in deposition of vitamin A in the 
liver due to choline feeding were small on both types of diet 
when carotene was fed. In general there was less vitamin A 
in the liver when choline was absent from the diet but the 
differences were so small as to be of doubtful significance. 
In this experiment carotene utilization was inferior on the high 
fat diets. The large amount of fat in the diet may have re- 
duced the absorption of carotene or the greater weight gains 
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of these groups may have involved more utilization of the 
vitamin. However, a similar difference due to growth in the 
stores of vitamin A fed as such was not observed. 

Lease and Steenbock (’39), Clayton and Baumann (’44) 
and Thorbjarnarson and Drummond (’38) noted the rate of 
depletion of vitamin A stores on high and low-fat diets or in 
choline deficiency. In this study the accumulation of such 
stores on uniform intake was observed. 

Lease and Steenbock noted no effect on depletion on choline- 
low high-fat and low-fat diets nor on high-fat diets with and 
without choline. Our findings are similar. The effects of low- 
fat diets with and without choline were not compared by Lease 
and Steenbock. Clayton and Baumann used both high-fat and 
low-fat diets with and without choline and detected no dif- 
ference in rate of depletion of liver vitamin A. In one series 
of rats on low-methionine low-fat diet for 10 or 20 days 
substantially the same vitamin A retention appeared to have 
occurred with and without choline. This is not in accord with 
our results, but the basal diet used was different from any 
which we employed. Our findings accord however with the 
observation of Thorbjarnarson and Drummond that high-fat 
diets retarded the loss of liver vitamin A, but not in propor- 
tion to the amount of fat in the livers. The marked influence 
of choline on carotene utilization noted by Popper and Chinn 
( ’42) was not seen in this experiment and this lack of confirma- 
tion may have been due to the type of diet employed by them. 
It appears that the character of the basal diet is more im- 
portant in the accumulation of hepatic vitamin A than the 
presence or absence of choline or fatty livers. This may also 
be true of the depletion of these stores. 

Apparently whatever may be the mechanisms controlling 
the utilization of vitamin A and carotene, they are distinct 
and are not affected by the same condition. 

THE TBTPAN BLUE EXPERIMENT 

The male rats from the litters of four stock-colony Tats 
were carried to weaning in -the manner described for the 
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choline experiments. They were then weaned at 21 days of 
age directly to a vitamin A-deficient diet made up of casein 
(alcohol extracted) 22 parts, hydrogenated cottonseed oil 5, 
brewery yeast 10, cornstarch 60.5, and salts ® 2.5. The ani- 
mals were allowed to continue on this diet until their weight 
curves began to plateau, indicating the onset of vitamin A 
deficiency. Trypan blue in 1% solution was injected for at 
least 2 days before any vitamin feeding, and by this time the 
dye had turned the skin a bright blue. The original plan was 
to inject 0.5 ml for 5 days followed by a 2-day rest period. 
Due to evidence of toxicity the number of injections was 
reduced to 3 in the second and third week, but the full five 
injections were given during the first and final weeks. Com- 
parable groups of animals selected from the same litters were 
injected with distilled water. In each case half of the animals 
received 0.5 mg carotene daily in 0.23 gm oil and half received 
60 I.U. vitamin A daily as 0.036 gm reference (II) cod liver 
oil. The oil supplements were given 6 hours after the injection 
of the dye and none was given during the 2-day rest period. 
After receiving this treatment for a period of 4 weeks the 
animals were sacrificed and the individual livers were ana- 
lyzed chemically for vitamin A. 

Results 

There was no decrease in the amount of vitamin A stored 
by the dye-treated rats when the vitamin itself was fed, al- 
though the growth was depressed. Two of the animals had 
more liver-vitamin A than did animals which had been injected 
with water, (table 2). When carotene was fed the animals 
surviving the injection showed depressed growth and some- 
what smaller liver stores than their water-injected litter- 
mates. 

Where the animal failed to survive the trypan blue in- 
jections the liver stores were lower regardless of whether 
the vitamin or the pro-vitamin had been given. This may have 
been due either to the shorter period of vitamin feeding or to 



The effect of trypan blue injections on rats depleted of vitamin A and then fed carotene or vitamin A. 
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The animal died before the termination of the experiment. 
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the occurrence of an initial interference with storage followed 
by the setting up of a compensatory mechanism. The latter 
possibility is further indicated since during the early part of 
the supplementary feeding the injected rats, particularly 
those receiving vitamin A, failed to gain and several developed 
symptoms of the deficiency. 

Discussion 

The decreased storage of vitamin A observed by Lasch and 
Boiler ( ’36) in guinea pigs and rabbits was not observed in 
this experiment with rats when the animals were injected 
with trypan blue. The total storage of vitamin A by the dye- 
injected rats that had been fed carotene was lower than that 
seen in the water-injected animals. It is doubtful, however, 
whether this can be considered significant inhibition of 
carotene conversion. Examination of the livers of animals 
sacrificed during the first and second week of dye injection 
might have indicated more definite differences. There is 
some indication of an “all or none’’ phenomenon in the rats 
fed vitamin A, since the stores of the vitamin in the livers of 
the dye-treated animals were either normal or negligible. The 
carotene feeding produced more graduated differences. This 
may point to different mechanisms for transformation and 
storage in the liver. 


SUMMARY 

The deposition of vitamin A in the livers of depleted rats 
fed fixed amounts of vitamin A along with high-fat low pro- 
tein diets was not affected by the presence of excess liver fat 
or choline deficiency. With a low-fat low-protein basal diet 
the addition of choline increased the livei’ vitamin A. 

When carotene was fed with the high-fat diets the liver 
vitamin deposits were very small and were somewhat less in 
the fatty than in the normal livers. With the low-fat diet the 
carotene produced better vitamin deposition, which lyas little 
affected by the presence or absence of choline. 
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The hepatic accumulation of vitamin A was much the same 
when the vitamin was fed with the high-fat and low-fat diets, 
regardless of liver fat, except for a slight decrease on the 
lard diet. When carotene was fed there was a definite depres- 
sion of vitamin A storage on the high-fat as compared with the 
low-fat diets. 

The injection of trypan blue produced no effect upon the 
deposition of vitamin A in the livers of rats fed a fixed amount 
of the vitamin. A depression of doubtful significance occurred 
in the deposits found in similar animals fed relatively large 
amounts of carotene. 

It is concluded that the mechanisms of utilization arid 
storage of vitainin A and carotene are probably affected by 
different conditions and that the composition of the accom- 
panying vitamin-deficient basal diets is an important factor 
in determining their eflSciency. 
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XVn. PYEIDOXIKE, BIOTIN AND '' FOLIO ACId” ^ 
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(Beeeived for publication September 26, 1945) 


Since the National Canner’s Association-Can Manufac- 
turer’s Institute Nutrition Program was inaugurated 3 years 
ago, a great many values for the vitamin A, carotene, thiamine, 
niacin, riboflavin, pantothenic acid, and ascorbic acid content 
of canned foods have been obtained (Ives et ah, ’44, ’45 ; Press- 
ley et ah, ’44; Thompson et ah, ’44). After study of the older, 
better-known vitamins had been completed, it was decided 
to conduct a survey of canned foods to determine the content 
of some of the newer B-complex factors: pyridoxinc, biotin 
and “folic acid.” 


EXPEBIMENTAL PBOCEDUBE 

The method of collection of the samples was essentially 
the same as that described by Clifcorn (’44). Approximately 
ten samples of each of the following products were assayed 
for the factors under consideration : green asparagus, carrots, 
green beans, yellow corn, grapefruit juice, peaches, peas, 
salmon, spinach and tomatoes. The samples were assayed 
within 6 weeks of the time of their arrival and were stored at 
room temperature during that period. 

' Published with the approval of the Director of the Wisconsin Agricultural 
Experiment Station. 

* Now at Besearch Department, American Can Company, Maywood, Illinois. 
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Preparation of samples 

A sample for analysis consisted of six consumer size cans 
or one to three no. 10 cans. The solids and liquids were 
separated by the use of a drained solids screen. The solids 
were weighed, and the liquid volume determined. In order to 
determine the distribution of nutrients between the solid and 
liquid portions of the can, the solids and liquid portion of five 
samples of each product were analyzed separately. In these 
instances 100 gm aliquots of the combined solids of a sample 
were blended in a Waring blender with 100 ml of water and 
2 to 3 ml of chloroform. Chloroform was added directly to the 
1 00 ml aliquots of the combined liquids and to all of the grape- 
fruit juice samples. For the five remaining samples of each 
product, one-tenth of the solid and liquid portion samples were 
recombined and this reconstituted aliquot blended with ' '^o 3 
ml of chloroform. The brine was discarded from all ^ . the 
salmon samples, and they were treated in the same manner as 
the solid aliquots. 

Assay methods 

Pyridoxins. Samples were prepared and assayed according 
to the procedure of Atkins et al. (’43). Saccharomyces carls- 
bergensis, the organism employed, responds approximately 
equally to pyridoxine, pyridoxamine, and pyridoxal (Snell and 
Rannefeld, ’45). Duplicate assays were set up on different 
days. 

Biotin. The samples were assayed according to the pro- 
cedure of Shull, Hutchings and Peterson (’42) using the mod- 
ification of the medium reported by Shull and Peterson ( ’43). 
The samples were hydrolyzed for assay by autoclaving with 
4 N sulfuric acid for 2 hours at 15 pounds pressure. 

“Folic acid.” The samples were analyzed for both the S. 
lactis activity and the L. casei activity against a standard of 
crystalline vitamin Be. The S. lactis factor was measured 
by the method of Luckey, Briggs and Elvehjem (’44). The 
titrimetric method was employed which necessitated the in- 
clusion of 200 mg of sodium cerate per 10 ml of the medium. 
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Thymol blue was the indicator used. The L. casei factor was 
measured by the method of Teply and Elvehjem ( ’45). 

Samples were prepared for both assays in the same way by 
incubation with takadiastase (0.1 gm of enzyme per 5 gm of 
sample) at 37° C. for 24 hours under toluene. The digests were 
then neutralized and autoclaved at 15 points pressure for 15 
minutes (Luckey, Briggs, Moore, Hart and Elvehjem, ’45; 
and University of Texas Publication no. 4237, ’42). 

RESULTS AND DISCUSSION 

The results of this survey are summarized in table 1. The 
values reported are in terms of micrograms of thq vitamin per 
100 gm of the entire, original contents of the can except in 
the case of salmon where the brine was discarded. 

The pyridoxine values were considerably higher than those 
for biotin and folic acid. The range for pyridoxine in indivi- 
dual samples of any product was three-fold or less in all 
instances with the exception of grapefruit juice and salmon 
where it was four-fold. Salmon contained two or three times as 
much pyridoxine as the vegetables and almost ten times as 
much as the fruit. 

Fruit contained the smallest amount of biotin while the 
fish product contained the largest. The range of this factor 
was observed to be rather small, being three-fold or less in all 
of the foods analyzed except peaches. 

The S. lactis factor of the folic acid complex showed the 
same range of values as biotin while the values for S. lactis 
factor averaged 30 to 50% of the L. casei factor content. How- 
ever, both of them were present in much greater amounts in 
spinach and green asparagus, and in lower amounts in salmon 
than was biotin. In green asparagus, yellow corn, grapefruit 
juice, peas and salmon the range was two-fold or less for the 
L. casei factor while this small range occurred only in green 
asparagus and yellow corn samples for the S. lactis factor. 
The greatest range for the L. casei factor was four-fold in 
spinach while the greatest ranges for the S. lactis factor were 
seven-fold in green beans and four-fold in salmon and spinach. 
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1 . 5 - 4.1 2.7 3 .^ 8.2 
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The ranges of the other products were three-fold or less for 
both factors. 

The per cent distribution of these vitamins between the 
solids and the liquid of the can is shown in table 2. Pyridoxine 
distribution was approximately 60% in the solids and 34% 
in the liquid. This distribution is essentially the same as that 
found for thiamine and riboflavin by Brush et al. (’44). 
Seventy-seven to 99% of the biotin was found in the drained 
solids in all products analyzed except tomatoes. Due to the 

TABLE 2 

TJie distribution of pyridoxine, biotin, S, laotis fotctor, and L. casei factor 
between the solids and liquids of canned foods. 


PRODUCT 

WSMGHT 

PYRIDOXINX 

• 

BIOTIN 

B LAOTJS 
FACTOR 

L. CASEI 
FACTOR 



% of total present in the solids ^ 


Asparagus, green* 

62 

65 

91 

68 

65 

Beans, green 

60 

63 

85 

67 

64 

Carrots 

67 

66 

77 

74 

72 

Com, yellow 

69 

72 

88 

77 

73 

Peaches 

65 

67 

89 

80 

78 

Peas 

63 

64 

88 

83 

66 

Spinach 

62 

64 

99 

67 

63 

Tomatoes 

57 

66 

68 

63 

66 


* Average values for 6 different samples of each product obtained by* separate 
analysis of the liquids and drained solids. The difference? between the figures given 
and 100 represents the percentage found to be present in the liquid in each instance. 

* Six samples analyzed. 

high moisture content and fragile structure of the canned to- 
matoes, the separation of the drained solids was not a.s distinct 
on the drained weight screen as was the case with the other 
products. Biotin in the bound state is the least water soluble 
of any of the B-complex. Seventy-two to 80% of both the S. 
lactis and L. casei factors occurred in the solids of carrots, 
yellow corn, and peaches while the distribution was about 
two-thirds in the solids and one-third in the liquids in the other 
products. In general, except for biotin, there was rather close 
agreement between the percentages of the total weight con- 
tributed by the solids in the can and the percentages of these 
vitamins contained in the solids. 
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SUMMABY 

Pyridoxine, biotin and “folic acid” values on 101 samples 
of canned foods are reported in this paper. The distribution 
of these factors between the solids and the liquids of the prod- 
uct is also reported. Salmon, yellow corn, and tomatoes are 
good sources of pyridoxine. Approximately two-thirds of this 
vitamin was found in the solids of the product. Salmon had 
the highest biotin content. Sixty-eight to 99% of the biotin 
was present in the solids of the products analyzed. “Folic 
acid” measured as L. casei and S. lactis activity against crys- 
talline vitamin Be was found in the highest quantity in green 
vegetables where about 64% of the factors occurred in the 
solids in each instance. 
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NUTRITIONAL STATUS OF RATS ON MILK DIETS 
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L. S. McCLUNG 

Laboratories of Chemistry, Physiology, and Bacteriology, 

Indiana University, Bloomington 

(Received for publication September 28, 1945) 

Feeding experiments with mineralized cows’ milk have 
shown that a good nutritional status can be maintained in 
rats by such a diet (Underhill, Orten, Mugrage and Lewis, 
’33). Although some evidence suggests that milk is a good 
source of all the B vitamins, there is proof to the contrary 
(Williams, Cheldelin and Mitchell, ’42; Day, Wakim, Zim- 
merman and McClung, ’44). Furtbennore, available data 
show that cows’ milk is generally a poor source of vitamin K 
and that at times it may be almost entirely devoid of activity 
(Sells, Walker and Owen, ’41; Mueller and Wertz, ’45). 
Therefore, it is possible that a milk diet supports an intestinal 
flora favorable for the production of adequate amounts of such 
needed factors. Accordingly, this investigation was planned 
to determine the nutritional adequacy of milk for rats de- 
prived of vitamins which are known to be synthesized by the 
normal intestinal flora. An attempt was made to prevent 
vitamin synthesis by a combination of cecectomy and succinyl- 
sulfathiazole (SST) feeding, but because the animals devel- 
oped a severe diarrhea, this was abandoned. Therefore, only 
SST was used to inhibit vitamin synthesis. 

’ Supported in part by a grant from the Besearch Fund of the Graduate School 
of Indiana University. 
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EXPERIMENTAL 

Weanling piebald rats from our stock colony were used and 
were divided as equally as possible on the basis of litter mem- 
bership, sex and weight. Most of the rats were housed in 
individual cages with screen floors, but a few were kept in 
screen-bottom group cages with 3 or 4 animals per cage. 

Evaporated milk® and powdered whole milk,® purchased 
on the open market, were used. To mineralize the powdered 
milk, 1.2 gm of ferric citrate, 200 mg of manganous chloride, 
and 10 mg of copper sulfate were mixed with 1000 gm of the 
milk powder. Rats given evaporated milk were supplemented 
daily except Sundays, with 0.2 mg of copper, 3.4 mg of manga- 
nese find 2.4 mg of ferrous iron, each as the sulfate, in concen- 
trated aqueous solution. The solutions were pipetted into 
small amounts of milk in food cups. Later in the day milk was 
allowed ad libitum. Drinking water was available to all 
animals. 

The insoluble sulfonamide was administered as the sodium 
salt in the experiments involving evaporated milk. This was 
prepared by suspending 40 gm of SST in 165 ml of water 
and then adding 15 gm of sodium bicarbonate. As soon as 
the SST was completely dissolved and carbon dioxide ceased 
to evolve, the clear solution was stored in a brown bottle. Each 
day the required amount of SST solution was added to milk 
from freshly opened cans and mixed with it by vigorous stir- 
ring. The milk for control animals given no SST was treated 
similarly by adding equivalent amounts of sodium bicarbonate 
in solution. 


RESULTS 

The effects on gn^owth of rats given SST in amounts rang- 
ing from 0 to 10% of the total milk solids fed are summarized 
in table 1. Growth impairment occurred at SST levels as 
low as 4%. The effect was noticeable from the second week 

“Wilson's irradiated evaporated milk (Indianapolis, Indiana). 

“The powdered whole milk was purchased from the Hoosier Condensed Milk 
Company, Bluffton, Indiana. 
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and became progressively more pronounced with time. After 
6 to 9 weeks, at the higher levels of SST, growth became al- 
most stationary in most of the animals. However, a small 
percentage increased in weight almost as rapidly as the con- 
trols which received no SST. A few animals died after 10 to 
14 weeks. The few rats which developed severe urinary tract 
concretions suddenly refused food and died within a few days. 
In others which gradually declined and died, gross examina- 
tion revealed no evidences of such concretions. 


TABLE 1 

Effect of succinylsvlfathiazole on the growth of rats fed mineralized milk. 


NO. OF 
EATS 

8EX 

LEVEL OF 

SST IN DIET 1 

0 

2 

AVERAGE WEEKLY WEIGHT 

4 6 8 

10 

12 




fftn 

gm 

gm 

gm 

gm 

gm 

gm 




Evaporated milk 





16 

M 

10 

48 

78 

103 

123 

129 

138 

140 

21 

M 

5 

50 

89 

122 

146 

174 

176 

167 

9 

M 

0 

40 

80 

131 

185 

225 



20 

F 

10 

51 

75 

93 

104 

no 

121 

119 

21 

F 

5 

42 

71 

99 

118 

130 

128 


8 

F 

0 

36 

76 

108 

137 

155 

175 

185 




Dried milk 





5 

M 

8 

52 

103 

141 

157 

153 

156 


9 

M 

4 

52 

110 

175 

224 

253 

263 

277 

9 

M 

0 

49 

117 

185 

251 

282 

315 

326 

4 

F 

8 

47 

89 

113 

120 

124 




* Grams per 100 gm of milk solids. 


Observations were made on the effects of “folic acid” and 
a liver concentrate on the growth of rats fed SST in dried 
or evaporated milk. “Folic acid” was prepared for adminis- 
tration, by dissolving the powder in water in such amounts 
that the solution contained 90 ng per milliliter. In most 
cases 18 ^^g were given per rat daily for a minimum of 3 weeks 
after the animals had been on the experimental diets 4 to 10 
weeks. Larger amounts of “folic acid” seemed to have no 
greater effect on the growth or appearance of the rats. The 
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liver concentrate was prepared for administration as an 
aqueous solution contining 0.4 gm per milliliter. The dosage 
was 0.2 gm per rat daily. 

The results summarized in table 2 clearly show a definite 
growth response in SST-fed rats given “folic acid” or liver. 
Animals given the larger amounts of SST showed a greater 
growth response upon administration of either supplement. 
No improvement in growth occurred in the SST-fed animals 
given a mixture of thiamine, ribofiavin, .pyridoxine, panto- 
thenic acid, nicotinic acid and inositol. Likewise, feeding 
xanthopterin * did not improve the growth or appearance of 
the animals. 

In some experiments the liver fraction was fed continuously 
for 10 to 12 weeks after restriction to the milk-SST diets. 
Under these conditions the growth and appearance of the 
animals was essentially the same as in controls not given 
SST. Furthermore, rats on the SST-free evaporated milk 
diets grew as rapidly as similar animals given liver concen- 
trate regularly for the first 8 weeks. This suggests that liver 
concentrate furnishes nothing essential to the growth of milk- 
fed rats if synthesis of vitamins by intestinal microorganisms 
is unimpaired. 

Prothrombin time determinations were made on diluted 
plasma (12.5%) from more than 100 rats given evaporated 
milk, and on 30 that were fed the dried milk. Changes from 
normal were found only in rats fed the SST at a level of 10%. 
Whereas none of the animals receiving less than 10% SST 
had prothrombin time values over 51 sec., the values were 
above 65 in a number of the 10% SST group, but many were 
in the normal range (40 ± 2,2 sec.) The plasma prothrombin 
time returned to the normal range following the administra- 
tion of 2-methyl-l, 4-naphthoquinone, 

Bacterial counts were made on the ceCal contents of rats 
that had been on the different diets for 70 to 150 days. Ap- 
propriate dilutions were prepared -in sterile tap water and 

^The xanthopterin was synthesized by Prs. P. H. Hidy and F. W. Neumann, 
using the Koschara (^43) method. 
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TABLE 2 

E'ffect of supplements on the growth of rats fed mineralized milk plus 
svccin ylsulfathiazole. 


NO. OF LEVEL 

RATS OF SST SUPPLEMENT 
AND IN ADDED 

SEX DIET ^ 


DAYS ON 
DIET 
BEFORE 
ADDING 
SUPPL. 


AVERAGE GAIN BEFORE AND AFTER 
ADDING THE SUPPLEMENT 

Days before * Days after 

21 14 7 7 14 21 


gm fftn pm pm pm pm 

Evaporated milk 


10(5M) 

10 

Folic acid^^ 

56 

10 

2 

~3 

11 

26 

43 

9(4M) 

10 

None 

54 

16 

9 

5 

3 

4 

7 

4(1M) 

10 

Xanthopterin * 

57 

— 1 

2 

3 

— 12 

— 24 


3(0M) 

10 

None 

57 

0 

7 

1 

- 7 

- 16 


6(6M) 

5 

Folic acid^^ 

69 

21 

8 

2 

23 

39 

53 

6(4M) 

5 

Folic acid^^ 

52 

29 

14 

0 

9 

28 

44 

3(3M) 

5 

None 

49 

25 

12 

9 

5 

14 

13 

3(3M) 

0 

None 

47 

51 

29 

17 

22 

49 

57 

3(0M) 

5 

Vitamin mixt.* 

74 

0 

7 

2 

5 

6 


3(0M) 

5 

None 

74 

15 

9 

3 

8 

18 


2(2M) 

0 

Folic acid'' 

35 

45 

26 

8 

23 

55 

82 

2(2M) 

0 

None 

35 

63 

28 

22 

33 

58 

99 

5(1M) 

0 

Liver extract 

52 

32 

19 

3 

13 

24 

41 

5(1M) 

0 

None 

52 

41 

20 

15 

17 

28 

42 




Dried milk 






4(2M) 

8 

Folic acid" 

54 

10 

10 

5 

22 

32 


9(4M) 

8 

Liver extract 

31 

51 

21 

11 

14 

30 

43 

8(4M) 

8 

None 

32 

53 

22 

8 

4 

1 

7 

5(4M) 

4 

Liver extract 

62 

30 

16 

7 

4 

18 

29 

6(5M) 

4 

None 

62 

37 

19 

8 

3 

9 

17 

5(4M) 

0 

Liver extract 

41 

60 

39 

22 

8 

20 

30 

7(5M) 

0 

None 

33 

66 

48 

27 

19 

26 

36 


' Grams per 100 gm of milk solids. 

* This refers to gain occurring only during the indicated period of time prior to 
the beginning of supplements. 

* 200 Mg per rat daily. 

^Thiamine hydrochloride, 100 Mg; riboflavin, 200 Mg; pyridoxine, 100 Mg; 
calcium pantothenate, 200 Mg; nicotinic acid, 200 Mg; and insositol, 400 Mg per rat 
daily. 
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duplicate plates were made using eosin methylene blue agar 
for the coliform group and a special medium for the esti- 
mation of the total population. The latter medium (pH 7.2 to 
7.4) contained yeast extract, 5 gm; glucose 5 gm; peptone, 
5 gm; K2HPO4, 1 gm; liver infusion, 200 ml; and distilled 
water, 800 ml. 

Eats which were not fed SST had approximately 3 to 12 
million coliform organisms per gram of cecal contents whereas 
those given 5 or 10% SST had less than 100,000. The exact 
coliform count was not determined in many instances because 
1-50,000 was the lowest dilution plated; in these cases such 
plates showed no coliform organisms. The total count on the 
controls not fed SST averaged over 800,000,000 per gm of 
cecal material. The bacterial count on the animals receiving 
10% SST averaged about 400,000,000, and it was approxi- 
mately 600,000,000 for the 5% SST group. Thus the total 
bacterial count was affected less than tha coliform count. 
Nevertheless, the total number of bacteria decreased as the 
amount of SST was increased. 

DISCUI^SION 

The growth data obtained by us do not agree with those of 
Welch and Wright ( ’44), and Wright, Skeggs, Welch, Sprague 
and Mattis (’45), who noted little if any growth impairment 
in rats fed mineralized dried milk (Klim) and SST. The rea- 
son for the difference is not apparent. 

The findings indicate that much more of the siilfonamidc 
is necessary under these conditions to effect marked growth 
impairment than when used in purified diets to which no 
p-aminobenzoic acid is added. It appears that this might be 
due, in part at least, to the effect of p-aminobenzoic acid which 
is present in considerable amounts in milk (Landy and Dicken, 
’42). This substance reduces the bacteriostatic action of SST 
(Day et al., ’43). Since normally, “folic acid” may be syn- 
thesized in the intestinal tract, the presence of p-aminobenzoic 
acid would be expected to promote “folic acid” synthesis. 
Thus a larger concentration oLSST would be required in milk 
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to produce growth impairment comparable to that in animals 
on p-aminobenzoic acid-low diets. 

The slight prolongation in prothrombin time may be re- 
garded as due to the combined effects of reduced vitamin K 
synthesis in the intestinal tract and a low concentration of this 
vitamin in evaporated milk. However, there is some evidence 
that the change may also be related to an effect of SST on 
the liver enzyme (s) responsible for prothrombin formation. 
Pilgrim and Elvehjem (’45) showed that feeding of SST to 
rats on purified diets resulted in sufiicient hepatic injury to 
markedly reduce the activity of succinoxidase, malic oxidase 
and cytochrome oxidase. 


SUMMARY 

Weanling rats were restricted to mineralized evaporated 
and mineralized dried whole milk diets to which succinylsul- 
fathiazole (SST) was added in amounts up to 10%. 

Growth was markedly impaired at a level of 10% SST. The 
effect was less severe at lower concentrations. Either “folic 
acid’’ or solubilized liver concentrate caused prompt growth 
resumption. Xanthopterin alone, and a mixture of thiamine, 
riboflavin, pyridoxine, nicotinic acid, calcium pantothenate, 
and inositol, had no effect. 

A slight prolongation in the prothrombin time occurred in 
animals given 10% SST. This returned promptly to normal 
when 2-methyl-l, 4-naphthoquinone was fed. 

Marked reduction in the concentration of coliform bacteria 
in the cecum occurred in animals given SST. The total 
bacterial count was appreciably decreased. 

The results are interpreted as further evidence of a low con- 
centration of “folic acid’’ and vitamin K in evaporated and 
dried cows’ milk. 
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INTRODUCTION 

When a sufficient amount of choice food is available, labora- 
tory rats, like many humans, eat enough to become more or 
less obese. As a consequence, the life span of rats feeding ad 
libitum, like the life span of their human counterparts, is 
presumably shortened. This inference is supported by the 
repeated findings of McCay and his associates (’42 a, b; ’43) 
that the life span of rats can be considerably prolonged by a 
drastic restriction in their allowance of food. The findings of 
McCay and his associates practically constitute an experi- 
mental confirmation of the claims of Cornaro (Butler, ’05) 
who attributed a considerable prolongation of his life to a 
rigid restriction of his food intake. However, since the time 
of Cornaro (1464-1566) no similarly prolonged and rigid 
voluntary restriction of the human food intake appears to 
have been recorded. Obviously, Cornaro ’s prolonged prac- 
tice of food restriction has not been widely followed because 
a normal appetite tends to impel its more or less complete 
appeasement at reasonably frequent intervals, when sufficient 
palatable food is easily obtainable. Only short periods of food 
restriction, such as the religiously interdicted periods of food 
restriction or fasting of the past, would seem to be practical. 

^ This research was aided by a grant from Swift & Co., Chicago. 
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In the futui'c however, a periodic practice of food restriction 
or fasting is likely to depend mainly on experimental evidence 
of its value. It therefore seemed of interest to determine 
whether periodic or intermittent fasting would serve to pro- 
long the life span of rats or reduce or prevent the shortening 
of the life span which is presumably produced by feeding ad 
libitum. 

A study was already made by Robertson, Marston and 
Walters ( ’34) of the effect of intermittent fasting on the life 
span of mice. In that study, twenty-four male and twenty-four 
female mice were fasted 2 successive days in 7. The average 
life span of the fasted males was found to be 745 days while 
that of twenty-four controls was 712 days. The average for the 
fasted females was 819 days while that of twenty-four control 
females was 773 days. However, the prolongation of life was 
not regarded as significant by Robertson and his associates. 
One criticism of their study is that littermate mice were not 
used as controls. Hence the individual life spans apparently 
varied too much to make the results seem significant. Another 
criticism is that no observations appear to have been made to 
determine whether the fasted mice remained free from peptic 
erosion or ulceration of the stomach and duodenum. This has 
been found to occur in some mice (and young rats) after single 
periods of starvation of 36 hours or more (Sun, ’27 ; Hoelzel 
and Da Costa, ’37). 

The effect and after-effect of intermittent fasting on some 
aspects of growth and nutrition were also studied by von 
Seeland on chickens (1887), by Morgulis on salamanders ( ’13), 
by Kopec and Latyszwski on mice ( ’32) and by Kellermann on 
rats ( ’39) but the effect on the life span was not determined 
in any of these studies. 

Observations previously made in this laboratory showed 
that rats fasted every other day and fed a diet low in protein 
between fasts developed peptic ulcers in the forestomach 
within about 2 weeks (Hoelzel and Da Costa, ’32). However, 
rats fed a diet adequate in protein between single-day fasts 
usually remained free from peptic ulcers. With the use of a 
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diet relatively high in protein, no complication with peptic 
ulceration was therefore expected to develop in rats fasted 
1 day in 3 or 4 but some doubts were still entertained whether 
rats could be fasted 1 day in 2 during prolonged periods with- 
out peptic lesions developing. In man, ulceration of the 
stomach is far less likely to occur while fasting because of 
an apparently lower fasting gastric acidity and the absence 
of the forestoraach. Fasting 1 day in 2 or 3 by man also is ap- 
parently not the equivalent of fasting 1 day in 2 or 3 by the 
rat. However, in personal experiments, one of us (H.) found 
it impossible to maintain normal energy or remain free from 
nutritional edema while fasting every other day during periods 
of 2 to 5 months (Hoelzel, ’43) but fasting 1 day in 3 immedi- 
ately after having fasted 1 day in 2 during 5 months led to a 
recovery of energy and disappearance of nutritional edema. 
It was also found possible to recover fully from a 33-day fast 
in less than 33 days (Hoelzel, ’44). Under these circumstances, 
it was deemed advisable to try various amounts of fasting in 
determining whether intermittent fasting would prolong the 
life span of rats. 

In addition to various amounts of fasting, it also seemed 
advisable to try several diets. As a result, this study became 
somewhat complicated by the number of variables involved. 
The object of the present communication, however, is to report 
only the results of intermittent fasting on the life span of rats, 
independent of the specific effects of the different diets that 
were tried. 

METHODS 

In this study, 137 rats (60 males and 77 females), raised in 
the laboratory from rats obtained from The Wistar Institute, 
were used. These were all of the rats in seventeen litters with 
two or more of one sex or both sexes raised. The seventeen 
litters consisted of fourteen first litters and three second 
litters, with from two to thirteen raised rats in the individual 
litters. The rats were not weaned completely (separated from 
their mothers) until they were 35 days old. 
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Three omnivorous diets and one vegetarian diet were used. 
The omnivorous diets were a basic diet and two diets with 
10% bulk-formers added to the basic diet. The basic diet 
consisted of 61.5% cooked and dried “whole veal,” 31% corn 
starch, 2% powdered yeast, 1% cod liver oil, 1.5% inorganic 
salt mixture and 3% veal bonemeal. This diet provided ap- 
proximately 35% proteins. The cooked and dried “whole 
veal” included practically all of the edible parts of calves, 
excepting excess fat and blood.* The first lot of this prepared 
veal contained 52% protein and 40% fat. Less fat was in- 
cluded in the preparation of subsequent lots but the compo- 
sition of the original lot was approximated by adding fat 
whep the diets were prepared. The second omnivorous diet 
consisted of the basic omnivorous diet plus 10% finely ground 
alfalfa stem meal. The third omnivorous diet consisted of 
the basic diet plus 5% psyllium seed husks and 5% specially 
prepared kapoc. The kapoc was mechanically cleaned, ground, 
boiled, washed, partly bleached, again washed and dried. The 
vegetarian diet consisted of 50% whole wheat flour, 10% pea- 
nut flour, 7% lima bean flour, 7% wheat gluten flour (contain- 
ing 80% gluten), 7% corn gluten meal, 7% linseed meal, 5% 
powdered yeast, 5% alfalfa leaf meal and 2% NaCl. This diet 
provided approximately 30% proteins. Lettuce trimmings 
were supplied practically daily as a supplement to all of the 
diets. The control rats and the intermittently fasted rats while 
fed were kept continuously supplied with food. 

Before the rats were 42 days old, all of them were supplied 
with the same food. This included some of each of the four 
experimental diets. When the rats became 42 days old, they 
were distributed so that some littermates of the same sex 
served in littermate tests of the effect of intermittent fasting 
or different amounts of intermittent fasting while other litter- 
mates served in tests of the effect of the different diets. Some 
rats with more than one littermate of the same sex conse- 
quently served as one of the littermates in 2 or more kinds of 
littermate tests. The intermittent fasting included fasting 1 

* This was specially prepared for us ^ Swift and Co., Chicago. 



INTBBMITTBNT PASTING AND LONGEVITY 


367 


day in 4, 1 day in 3 and 1 day in 2. The fasting was begun at 
the age of 42 days and was continued until the rats died. 

RESULTS AND DISCUSSION 
Effect of intermittent fasting on the life span 

Figure 1 shows the distribution of the life spans of the 
individual control and fasted rats in 25-day periods. The life 
spans of rats with littermates only in the same group (but on 
different diets) are included. The average life spans of the 


AGE -DAYS 

0 200 400 600 600 lOOO 



Fig. 1 Distribution of individual life spans of control and fasted rats in 25- 
day periods. Each square represents one rat. The average life span of each group 
is indicated by X. The life spans of rats with littermates only in the same group 
(but on different diets) are included. 

groups are also indicated in figure 1 and in table 1. The re- 
sults of the different amounts of fasting on littermates alone, 
with littermate controls fed identical diets ad libitum, are 
presented in table 2. Figure 1 and tables 1 and 2 show that, 
Avith the exception of the females fasted only 1 day in 4, the 
average life spans of all of the groups of fasted rats exceeded 
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that of the controls. Moreover, the data in table 2 indicate 
that the prolongation of life by fasting was practically pro- 
portional to the amount of fasting and that the life spans of 
the males were, on the average, increased more than the life 
spans of the females. However, this may merely mean that 
the life spans of the males were shortened more than the life 
spans of the females by feeding ad libitum. 

The effect of fasting on littermate rats is also indicated by 
comparisons between the life spans of rats fasted 1 day in 4 or 
3 and littermates fasted 1 day in 3 or 2, respectively. Data 
thus obtained and combined with the data in table 2 yield a 

TABLE 1 

Average life spans of control and fasted rats. These averages include the life spans 
of rats with littermates only in the same group but on different diets. 

Figures in parentheses indicate number of rats in each group. 


AVEBAOB IaEKGTH OF LIFE IN DAYS 


i 

SEE 1 

’ i 

1 Controls 1 

i j 

Fasted 

1 

1 day in 4 

1 

1 day in 3 

I 1 day in 2 

' All degrees 

Males 

1 

612 1 

1 658 

653 

68.8 

1 

1 664 


(14) ! 

(16) 

- (15) i 

(15) 

; (46) 

Females 

688 1 

675 

781 

7.83 

1 730 


(19) i 

(21) 

1 (22) 

I (15) 

! (58) 


total of thirty male littermate comparisons and show that the 
average life span of the males was increased 90 days by fast- 
ing. Similarly obtained data on females show that the average 
life span in forty-five littermate comparisons was increased 
only 23 days by fasting. It seems noteworthy that, in spite 
of the substantial increase in the average life span of the 
males by fasting, the life span of the fasted males only ap- 
proximated that of the control females (fig. 1 and tables 1 
and 2). 

A more detailed analysis of the results suggests that fast- 
ing 1 day in 4 and 1 day in 2 were complicated more by some 
extraneous factors than fasting 1 day in 3 or feeding ad libi- 
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turn. Thus, figure 1 shows that the earliest male and female 
deaths occurred in the groups fasted 1 day in 4 and the im- 
pression was that some of the other rats fasted 1 day in 4 
also did not fare as well as most of the rats fasted 1 day in 3 
or the controls. Perhaps the amount of food consumed in 3 
days of feeding, with increased voracity but without propor- 
tionately increased capacity after 1 day of fasting, constituted 
a greater physiological overstrain than the amount of food 
consumed by the controls or by the rats fasted 1 day in 3. 
Figure 1 further shows that the males and females fasted 1 
day in 2 also began dying earlier than the rats fasted 1 day in 
3. Evidently fasting 1 day in 2 and beginning this at the age 
of 42 days was too much fasting for some rats. One of the 
females fasted 1 day in 2 apparently died of a hemorrhage 
from a chronic duodenal ulcer. Nothing like this was seen 
among over 2000 rats in a study of the production of peptic 
ulcers (Hoelzel and Da Costa, ’37). More or less erosion and 
ulceration of the stomach was observed in other rats in this 
study but in most cases the lesions merely seemed to be due 
to premortal conditions, chiefly starvation due to loss of ap- 
petite associated with, or produced by, respiratory infections. 
(In about half of the rats with respiratory infections, no ero- 
sion or ulceration of the stomach occurs in spite of a complete 
loss of appetite or starvation and the usual postmortem 
changes in the intestines also are not seen. In such cases, all 
digestive secretions seem to be suppressed, excepting the se- 
cretion of a little bile.) Some erosion of the stomach may 
have occurred as a direct result of the experimental fasting 
among the rats fasting 1 day in 2 while they were still young. 
Moreover, female rats were previously found to develop more 
severe gastric lesions than males during prolonged starvation 
and a complication of this type may therefore explain why 
the females in this study did not benefit as much as the males 
from repeated single-day fasts. However, individual rats vary 
in their susceptibility to peptic erosion and ulceration and 
even some that were fasted 1 day in 2 evidently remained en- 
tirely free from such lesions. Both the male and the female 



370 


A. J. CABiaON AND F. HOELZEL 


that lived longest among the 137 rats (1057 and 1073 days, 
respectively) were rats fasted 1 day in 2. The optimum 
amount of fasting for the average rat in this study neverthe- 
less appears to have been fasting 1 day in 3 and the data in 
table 2 show that with this amount of fasting the life span 
of the males was increased about 20% and that of the females 
about 15%. 

Effect of intermittent fasting oh growth 

Table 2 shows that the average weights of the intermittently 
fasted rats at 300 days were always lower than the average 
weights of their littermate controls but no drastic retardation 
of growth was produced by the fasting. In some cases, the 
average femoral lengths of the fasted rats at death were 
greater than, or equal to, those of the controls and, in other 
cases, the rats were only a little smaller. In short, intermittent 
fasting seems to make it possible to increase the life span to 
some extent without stunting the rats. Tests are in progress 

TABLE 2 

Showing the effect of different amounts of fasting on the weight, size (length of 
femur at death) and life span of littermate rats, Littermate controls 
fed identical diets ad libitum. 



1 NUM- 
1 BER 

! AVERAGE WEIGHT 

1 (GM) 

AVERAGE 

FEMORAL 

LENGTH 

AVERAGE LENGTH 

OF LIFE 
(DATS) 

AMOUNT OP 
FASTING 

1 OF 



1 


AT DEATH 




PAIRS 

OF 

At 42 days 

At 300 days 

J 

(MM) 



Differ- 

i 

LIT- 

TER 

MATES 

Con- 

trola 

Fasted 

Con- 

trols 

[ 

Fasted 

Con- 

trols 

Fasted 

Con- 

trols 

Fasted 

ence 
due to 
fasting 


Males 


1 day in 4 

7 

149 

149 

449 

413 

39.1 

39.3 

681 

768 

+ 87 

1 day in 3 

7 

133 

133 

397 

339 

38.7 

36.7 

557 

667 

4*110 

1 day in 2 

4 

118 

137 

356 

265 

38.1 

36.0 

527 

666 

4139 

All degrees 

18 

136 

138 

408 

357 

38.7^ 

38.1 

599 

706 

4107 


Females 


1 day in 4 

12 

117 

123 

280 

248 

34.6 

35.1 

721 i 

685 

36 

1 day in 3 

10 

118 

120 

291 

258 

34.8 

35.2 

708 

814 

4106 

1 day in 2 

5 

113 

114 

276 

234 

34.5 

34.1 

614 

768 

4 154 

All degrees 

27 1 

117 

120 

823 

249 

34.7 

35.0 

696 

748 

4 52 
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to determine whether the size of fasted rats can be more fully 
maintained and life can still be prolonged by beginning the 
fasting at 100 or 200 days, instead of at 42 days, and fasting 
the rats no more than 1 day in 3. 

Are the results of fasting due, in whole or in part, 
to increased activity? 

Tests made with rotary cages by Wald and Jackson (’44) 
revealed that rats run more when deprived of food, and Mc- 
Cay and his associates (’41) found that exercised rats lived 
longer than non-exercised rats. The activity of our fasting 
rats was largely limited to gnawing at the cages in attempts 
to escape. Many of the rats that were fasted 1 day in 4 or 3 
seemed to become adapted to the fasting and remained at rest 
most of the time. The greatest unrest was manifested by 
some of the rats that were fasted 1 day in 2 but the life spans 
of the most restless rats were not the longest. The explanation 
seems to be that the greatest unrest or gnawing was mani- 
fested by the most voracious rats — the rats that apparently 
ate the greatest amounts of food between the days of fasting. 
The amount of food eaten may therefore have more than offset 
any possible benefit from increased exercise. In any event, 
the finding of McCay and his associates that rats subjected to 
forced exercise lived longer than non-exercised rats did not 
prove that the exercise per se increased the life span. The 
periods of forced exercise may merely have served to prevent 
the rats from eating as much as the controls in relation to their 
respective physiologic needs. 

Influence of individual constitutions on the life spans 

Constitutional similarities and differences among the indi- 
vidual rats, as determined by genetic factors and pre-experi- 
mental nutritional conditions, were obviously important fac- 
tors determining the specific life spans. In the first place, a 
high degree of genetic uniformity in the Wistar strain evi- 
dently explains the death of 67% of the rats between the 
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ages of 550 and 850 days and the death of 85% between the 
ages of 400 and 900 days in spite of the use of four different 
diets and four different regimens of feeding or fasting. Some 
littermate rats, after having been kept from 400 to 1000 days 
on widely differing nutritional regimens, died within 24 hours 
or a few days of one another. Four of the twelve rats that 
lived to be over 1000 days old belonged to one of the seventeen 
litters. The view that rats in small litters are likely to be in 
a superior condition is supported by the finding that two 
males that composed one of the two smallest litters not only 
lived longer than eight (all) other males on similar nutritional 
regimens but also lived longer than fourteen (all) females on 
similar nutritional regimens. In contrast to this, the average 
life span of thirteen rats that composed one of the three 
largest litters was the lowest of any of the seventeen litters. 
However, independent of the size of the litters from which the 
rats came, the life span was found to be infiuenced more or 
less by the pre-experimental nutritional status or weight at- 
tained by the age of 42 days, when the rats were started on 
the specific experimental regimens. That is, the rats that 
were heaviest at the age of 42 days tended to live longest 
among the rats on the same regimen but this again was less 
true of the rats that were fasted 1 day in 3 or 2 than of the 
control rats or those that were fasted only 1 day in 4. That is, 
the prolongation of life due to fasting 1 day in 3 or 2 tended 
to outweigh the apparent handicap of a poorer nutritional 
start in life, as indicated by a lower than average pre-experi- 
mental weight. The data in table 2 show clearly that the 
heaviest group of male control rats lived longer than the 
lighter male controls and that their fasted littermates had 
correspondingly long life spans. 

Influence of intermittent fasting on the development 
of disorders leading to death 

Saxton (’45) showed that the development of inflammatory, 
neoplastic and degenerative diseases was delayed by the re- 
striction of calories which increased the life span of the rats 
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in the experiments of McCay and his associates. Similarly, 
intermittent fasting seems to delay the development of the 
disorders which lead to death. Table 3 shows that a retarda- 
tion of the development of mammary tumors, proportional to 
the amount of fasting, occurred in this study. These results 
support the observations previously made by Tannenbaum 

TABLE 8 

Development of mammary tumors in control and fasted rats. 



CONTROLS 

FASTED 


1 day in 4 

l day in 3 

1 day in 2 

Number of females developing 
tumors 

7 . 

6 

8 

1 

Per cent of females developing 
tumors 

37% 

29% 

36% 

7% 

Earliest age at which a tumor 
began developing 

437 days 

458 days 

675 days 

775 days 

Average age at which ttimors 
began developing 

! 628 days 

1 

1 613 days 

i 

I 783 days 


Average life span of females 
with tumors 

1 

■ 760 days 

i 

1 760 days 

1 

! 

i 871 days 

977 days 

Weight of largest tumor 

462 gm 

1 

1 220 gm 

i 

] 140 gm 

26 gm 

Average weight of tumors 

: 193 gm» 

67 gm* 

1 

1 36 gm 

i 


Average rate of growth of tumors 
(gm gained per 100 days) 

1 134 gm * 

48 gm * 

42 gm 

13 gm 


‘ The weights of the tumors in 2 control rats and in 1 rat fasted 1 day in 4 
were not recorded and the weight of a tumor in another rat fasted 1 day in 4 
was excluded because the tumor was dehydrated. It became dehydrated because it 
was torn loose by the rat after it apparently began to interfere with defecation. 

(’40; ’42) concerning the relation between the food intake 
and the development of tumors in mice. However, genetic 
factors may explain the occurrence of mammary tumors in 
all of the (six) females in one of the seventeen litters and the 
occurrence of ten of the other sixteen tumor cases in five pairs 
of littermates. The larger tumors became responsible for the 
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deaths of some of the females because of the tendency of the 
large tumors to ulcerate or become obstructive. The develop- 
ment of other types of tumors was apparently also retarded by 
intermittent fasting. The only tumor in the digestive tract, a 
fibrosarcoma in the forestomach, was found in the oldest con- 
trol rat (a female 1012 days old). The tumor in the stomach 
was probably secondary to a tumorous condition of the uterus. 
Ulceration of the tumorous uterus evidently was responsible 
for the development of a fistula between the uterus and the 
ileum in this rat. Nothing comparable to this was seen among 
the fasted rats. 

SUMMABY 

Tests in which a group of thirty-three rats were allowed the 
same food ad libitum and groups of thirty-seven, thirty-seven 
and thirty rats were fasted 1 day in 4, 3 and 2, respectively, 
after the age of 42 days, showed that the apparent life span 
was increased by the intermittent fasting. The optimum 
amount of fasting appeared to be fasting 1 day in 3 and this 
increased the life span of littermate males about 20.% and 
littermate females about 15%. However, the pre-experimental 
condition of the individual rats was also found to be an im- 
portant factor determining the life spans. 

No drastic retardation of growth was produced by the in- 
termittent fasting but the development of mammary tumors 
was retarded in proportion to the amount of fasting. 
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Cocoa and chocolate are used extensively as flavoring ma- 
terials in milk and ice cream, evidently in response to a con- 
sumer demand. Their use may be presumed to increase the 
consumption of these excellent calcium foods. The presence 
of 0.5 to 0.6% of oxalic acid in cocoa, however, suggests that 
cocoa, or chocolate, may impair the utilization of the calcium 
in milk and in ice cream by the formation of the very in- 
soluble calcium oxalate, a form of calcium that is practically 
unavailable to the growing rat at least (Fairbanks and 
Mitchell, ’38). 

This possibility induced Mueller and Cooney ( ’43) to com- 
pare the retention of calcium by growing rats subsisting upon 
diets based upon whole milk powder with and without an addi- 
tion of cocoa in the proportion of 0.84 part of the basal diet 
to 0.16 part of cocoa. The basal diet contained 0.554% of 
calcium and 0.472% of phosphorus. Twenty-one pairs of rats 
were used in addition to twenty-one litter-mate control rats 
killed and analyzed at the beginning of the experiment to 
permit an estimate of the initial content of calcium in the test 
rats. Within each pair of rats the consumption of the basal 
diet was equalized, while one of the rats received the cocoa 
powder in addition. After 5 weeks of feeding, the rats were 
sacrificed and analyzed for calcium and phosphorus. 

‘ This investigation was aided by funds granted to the University of Illinois 
by the National Dairy Council on behalf of members of the chocolate industry. 
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The results of this well-conceived and well-executed experi- 
ment were clear-cut in their significance as revealed by statis- 
tical analysis. The rats fed the cocoa supplement, although 
receiving 19% more dry food, 6% more calcium and 30% 
more phosphorus than the rats on the basal diet only, grew 
only 89% as fast and deposited in their bodies only 76% as 
much calcium and 80% as much phosphorus. The effect of 
the cocoa supplement upon growth had been previously shown 
by Mueller (’42) to be traceable probably to its content of 
tannic substances. The primary effect upon mineral utilization 
was probably upon calcium, since ( 1 ) calcium was presumably 
a limiting factor in the diet, (2) calcium limitation will restrict 
phosphorus utilization, because the two minerals are so 
largely utilized together as a calcium phosphate in bone for- 
mation, and (3) the depression of phosphorus retention by 
cocoa was so nearly the same as that of calcium retention. 
However, the oxalic acid content of the cocoa could account foi- 
only about one-third of the observed depression in calcium 
retention. No clue to the residual causes of this depression 
was afforded by the data of the experiment or by the discus- 
sion of them by the authors. It should be noted that the ratio 
of milk solids to cocoa in the diets of this experiment was 
about 3.3 to 1, while in chocolate milk it is ordinarily about 
13 to 1. 

The cocoa that Mueller and Cooney used was a low-cost 
American process cocoa* containing 11.23% fat and 5.25% 
fiber. Cocoas of this general description are common at times 
on the market, being used in the manufacture of bakery 
goods and for low-cost chocolate syrups and confections, 
though there seems to be a considerable sale of such products 
for domestic use by certain retail stores throughout the 
country. 

PLAN OP EXPERIMENTS 

These experiments of Mueller and Cooney were repeated 
on growing rats at the University of Illinois, using essentially 
the same technic, but studying three different kinds of cocoa, 

* Personal communication. 
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i.e., the low-cost brand used by the Massachusetts investiga- 
tors and two medium-cost products, an- American process 
breakfast cocoa and a Dutch process cocoa. The composition 
of these cocoas, in so far as they were analyzed in this labora- 
tory, are summarized in table 1. In the Illinois experiments, 
the cocoas were incorporated into the basal diets at the expense 
of sugar, instead of being added to the diets, and all diets were 
equalized in fat content. The composition of the diets is given 
in table 2. 

The effects of the different cocoas were studied in two ex- 
periments. In the first experiment, the effect of the two 

TABLE 1 

The chemical composition of the experimental cocoas. 


DESCRIPTION 
OF COCOA 

MOIS- 

TURE 

ETHER 

EX- 

TRACT 

CRUDE 

PRO- 

TEIN 

CRUDE 

FIBER 

TANNIC 
SUB- 
STAN- 
CES > 

THEO- 

BRO- 

MINE 

OXALIC 

ACID 

ASH 

CAL- 

CIUM 

PHOS- 

PHOR- 

US 

American 
process : 

% 

% 

% 

% 

% 


% 

% 

% 

% 

No. 1 

4.70 

22.45 

22.62 

3.90 

10.57 

1.79 

0.504 

4.97 

0.121 

0.668 

No. 2* 

5.73 

10.58 

24.94 

5.98 

11.80 

2.10 

0.552 

5.82 

0.356 

0.710 

I)u: eh process: 

5.20 

23.33 

23.12 

3.61 

6.62 

1.44 

0.512 

8.50 

0.124 

0.640 


^ Corrected for ash. 

® The same brand of cocoa used by Mueller and Cooney (^38). 


medium-cost cocoas on the retention of the calcium and phos- 
phorus of milk was studied with nine trios of rats, trio mates 
receiving equal amounts of their respective diets. In the 
second experiment, the effect of the low-cost cocoa was as- 
sessed with twelve pairs of rats, also receiving equal amounts 
of their respective diets. However, in both experiments the 
body weight gains of trio mates, or pair mates, were equalized 
by additions of sugar to the diet of the laggard rats, which 
were generally the rats receiving cocoa. This procedure was 
adopted because it could not be assumed that the net energy 
value of the cocoa was the same as that of the sugar it dis- 
placed in the cocoa diets. The experiments on individual pairs 
or trios were terminated after 4 to 9 weeks of feeding, de- 
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TABLE 2 


The experimental diets. 



SXCESIMSNT 1 

EXPERIMENT 2 

CONSTITURNTS ; 

T)i»»t 

617 

Diet 

618 

Diet 

619 

Diet 

637 

Diet 

638 


% 

% 

% 

% 

% 

Defatted dried beef 

30 

30 

30 

25 

25 

Non-fat dry milk solids 






(spray process) 

19.47 

19.47 

19.47 

19.47 

19.47 

Cocoa, American process 






no. 1 

0 

16 

0 

0 

0 

Cocoa, Du tell process 

0 

0 

16 

0 

0 

Cocoa, Aincricmi process 






no. 2 

0 

0 

0 

0 

16 

8alt mixture Ca* and 






P-free 

2 

2 

2 

2 

2 

NaCl 

1 

1 

1 

1 

1 


2 

1.38 

1.41 

0 

0 

Wood Flock 

0 

0 

0 

2 

1.04 

Starch, vitaminized 

5 

5 

5 

5 

5 

Sucrose 

28.62 

16.83 

16.94 

16.80 

- 10.12 

Corel ose 

0 

0 

0 

16.80 

10.13 

Cod liver oil, fortified 

1.5 

1.5 

1.5 

1.5 

1.5 

Wheat germ oil 

0.5 

0.5 

0.5 

0.5 

0.5 

Lard 

9.91 

6.32 

6.18 

5 

5 

Mazola 

0 

0 

0 

4.93 

3.24 

Total 

100.00 

100.00 

100.00 

100.00 

100.00 

Calcium % 






Mix 1 

0.225 

0.244 

0.242 

0,268 

0.292 

Mix 2 ! 

i 

0.261 

0.275 

0.277 

0.272 

0.292 

Phos])horiis % i 






Mix 1 1 

0.410 

0.518 

0.511 

0.422 

0.463 

Mix 2 

0.425 

0.525 

0.506 



Protein % 






Mix 1 

31 62 

•’T 06 

35.00 

27.19 

30.75 

Mix 2 

ai.50 

35.12 

34.88 



Calorics per gm 






Mix 1 

4 64 

4.71 

4.70 

4.66 

4.75 

Mix 2 

4.61 

4.73 

4.72 
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pending upon the rate of growth in each trio or pair, and 
the carcasses were analyzed for calcium and, in the first ex- 
periment, for phosphorus also. 

The calcium and phosphorus in diets, cocoas and carcasses 
w'ere determined by slight modifications of the methods of 
the Association of Official Agricultural Chemists. In the 
cocoa analysis, the tannic substances were determined by the 
method of Mueller and Kuzmeski (’44), the theobromine by 
the method of Wadsworth ( ’21 ), and the oxalic acid by a slight 
modification of the method of Majumdar and De (’38). 

THE EXPERIMENTAL RESULTS 

The average growth data in the two experiments are sum- 
marized in table 3. The differences in final weight and gain 
among trio or pair mates were largely due to differences in in- 
testinal fill, since final weights relate to the empty carcasses. 
The differences in average attained body length among rats on 
comparable diets were insignificant statistically in the first ex- 

TABLE 3 

Average growth of rats on the experimental diets. 

KXI'ERIMENT 1 ' KXI'ERTMEXT 2 

1 



Diet 017 

1 No cocoii 

Diet 018 
Americati 

l)rOre*'R 
cocoa 
no, 1 

Diet 619 
Dutch 

process 

cocoa 

1 Diet 037 

1 No cocoa 

Diet 038 
American 
process 
cocoa 
no. 2 

Number of rats 

J) 

9 

9 

12 

12 

Body weight — 






Initial, gm 

47.0 

46.0 

47.2 

47.2 

47.4 

Gain, gm 

133.3 

125.2 

126.1 

157.8 

3 55.8 

Body lenerth, mm 

198.7 

199.6 

199.9 

206.1 

203.6 

Days on food 

36 

36 

36 

40 

40 

Total food eaten — 

i 





Diet, gm i 

326.6 

326.6 

326.6 

371 

371 

Sugar supplement — 






gm 

, 3.8 

24.4 

20.1 

0 

70 

pet. of diet 

1.2 

7.5 

6.2 

0 

18.9 
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periment, but in the second experiment, the attained body 
length of the control rats receiving no cocoa averaged 2.5 mm 
greater than that of the rats receiving the low-cost cocoa, and 
this difference was significant with P = 0.010. 

The amount of extra sugar required to maintain gains in 
the cocoa rats equal to those in the non-cocoa rats, in per cent 
of the basal food consumed, averaged 18.9 for the low-cost 
American process cocoa no. 2, 6.3 for the American process 
breakfast cocoa no. 1, and 5.0 for the Dutch process cocoa. The 


TABLE 4 

The average calcium metabolism data» 



EXPERIMENT 1 


EXPERIMENT 2 


Diet 617 
No cocoa 

Diet 618 
American 
process 
cocoa 
no. 1 

Diet 619 
Dutch 
process 
cocoa 

1 

Diet 637 
No cocoa 

Diet 638 
American 
process 
cocoa 
no. 2 

Number of rats 

9 

9 

9 

32 

12 

Total calcium 






consumed, gni 

j 0.763 

0.821 

0.817 

1.002 

1.084 

Final calcium 






content, gm 

i 1.203 

1.130 

1.111 

3.453 

1.273 

Initial calcium 






content, gm 

0.502 

0.491 

0.504 

0.596 

0.599 

Calcium retained, gm 

0.701 

0.639 

0.606 

0.858 

0.676 


difference in this respect between the low-cost cocoa and the 
two medium-cost cocoas is highly significant, while the percent- 
ages for the two medium-cost cocoas were indistinguishable 
statistically. 

The average calcium metabolism data are presented in table 
4. Although receiving more dietary calcium than their litter- 
mate controls on cocoa-free diets, the cocoa rats stored con- 
siderably less calcium in their bodies in all trios and pairs. 
This situation is analyzed in detail for the individual rats in 
table 5, with statistical evaluations of average group differ- 



TABLE 5 

The effect of cocoa on the utilization of dietary calcium by growing rats. 
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ences. In this table, the calcium retentions for all rats are com- 
puted as percentages of the total calcium intakes, and for 
the cocoa rats, in percentages also, first, of the non-cocoa 
calcium in the diet, and, second, of the non-oxalate calcium, 
assuming that the oxalic acid of the cocoa combined with diet- 
ary calcium to its full capacity. 

The average deviations of the percentage retentions of 
total calcium for the cocoa rats as compared with their con- 
trols were 23.8 for the rats receiving the low-cost American 
process cocoa no. 1, 13.(5 for the rats receiving the medium- 
cost American process cocoa no. 2, and 16.9 for the medium- 
cost Dutch process cocoa, representing average depressions in 
total calcium retention of 27.7, 14.8 and 18.4%, respectively. 
Again, the detrimental effect of the low-cost cocoa exceeded 
statistically the effect of the two medium-cost cocoas. Each 
of the cocoas depressed significantly the utilization of the 
calcium in the basal diets, since the calcium retentions of the 
cocoa rats computed as percentages of the non-cocoa dietary 
calcium were significantly smaller than the percentage calcium 
retentions of trio-mate or pair-mate controls, but again the 
effect of the low-cost cocoa exceeded statistically those of the 
medium-cost cocoas. 

When the calcium retentions of the cocoa rats are computed 
as percentages of the non-oxalate calcium in the diet, the 
values for the medium-cost cocoas still average less than the 
values for their controls, but the differences are insignificant, 
with probabilities that a random combination of uncontrolled 
factors could have produced as great or greater average dif- 
ferences than those observed, of 0.31 and 0.12. These proba- 
bilities are too large to be neglected and hence the differences 
may well have resulted from random factors only. It may be 
concluded, therefore, that the oxalic acid in these cocoas 
could have accounted for the total depression in calcium 
utilization brought about by their consumption. From the 
analyses of the cocoas given in table 1, it may be computed 
that these medium-cost cocoas contain enough calcium to com- 
bine with 54% of their contents of oxalic acid. 
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The low-cost American process cocoa no. 2 presented a dif- 
ferent picture, however. In this case, the average retention 
of dietary calcium computed on the intake of calcium not 
bound by oxalic acid, is 70.5, as compared with a percentage 
utilization of 85.8 for the calcium in the non-cocoa diet, rep- 
resenting a difference that is highly significant with P==0.0001. 
The conclusion is clear, therefore, that with this cocoa the det- 
rimental effect on calcium utilization is not due entirely to its 
content of oxalic acid, the effect of which is represented by 
the difference between 23.8, the depression in the percentage 
retention of total calcium, and 15.3, the depression in the per- 
centage retention of non-oxalate calcium. Since this dif- 
ference, 8.5, is about one-third of the total depression of 23.8, 
it appears that the oxalic acid in this cocoa accounts for only 
about one-third of its total depressing effect on calcium utili- 
zation. Thus, these results confirm completely those of Muel- 
ler and Cooney obtained with the same brand of cocoa. 

The cai’casses of the rats in the first experiment were 
analyzed for phosphorus as well as for calcium. Since the 
experimental diets contained about twice as much phosphorus 
as calcium (table 2), they were evidently not deficient in phos- 
phorus. Nevertheless, the retention of phosphorus was defi- 
nitely smaller in the rats receiving cocoa than in the control 
rats without cocoa. This depression in phosphorus was evi- 
dently occasioned by the smaller retention of calcium by the 
cocoa rats, since the two elements are to a large extent com- 
bined as a calcium phosphate in bone growth. For this reason, 
the ratios of retained calcium to retained phosphorus, with 
their standard errors, are nearly the same: 1.370 ± 0.037 for 
the non-cocoa rats, 1.314 rt 0.032 for the rats receiving the 
American process cocoa, and 1.303 ± 0.061 for the rats re- 
ceiving the Dutch process cocoa. Using a “Student” (’25) 
analysis on paired differences, the probability that a random 
combination of uncontrolled experimental factors would have 
brought about average differences in ratio as large or larger 
than those observed is 0.08 for the comparison of control rats 
and the rats receiving American process cocoa, and 0.11 for 
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the comparison of control rats and the rats receiving Dutch 
process cocoa. These probabilities are too large to neglect, 
but small enough to suggest that these cocoas depressed cal- 
cium assimilation somewhat more than they depressed, phos- 
phorus assimilation. The small amount of phytin reported in 
cocoa (Arbenz, ’22) does not seem to have affected phosphorus 
utilization. 

CONCTiUSIONS 

1. Two medium-cost breakfast cocoas containing 22 to 
24% of fat, one an American process and the other a Dutch 
process cocoa, depressed calcium assimilation in growing rats 
in proportion to their contents of oxalic acid. The cocoas them- 
selves contained enough calcium to combine with 54% of their 
content of oxalic acid. 

2. A low-cost American process cocoa containing 10.58% 
of fat depressed calcium assimilation to an extent about three 
times as great as could be accounted for by its content of 
oxalic acid. 

3. The latter cocoa depressed the growth of rats also to a 
distinctly greater extent than the former two cocoas. 

4. No distinction between the two medium-cost cocoas with 
reference to their effects upon growth or calcium metabolism 
was established. 
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Borden"^! NutritiojiaJ Heararcli Laboratory, Elytn, JJhnoitt 
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Tiiikov ^i:r()W(M-s who raise bronze poults in eoniplote eon- 
fnienient are fi*e(|iiontly (listurl)ed by tlie appearance of an 
unusual extent of white coloring- in the ])riniary and secondary 
\\\\\<^ feathers. The tail feathers may also be atfected. The 
abnormal i)i]Lnneiitation is most ap])arent during the first 4 or 
T) weeks, and gradually disai)pears as tlu^ birds become older, 
i*v(Mi though th(' diet and conditions of management remain 
the same ((^arrick, ’45). 

Funk and Kenipster (’40) o])served a white feather de- 
velopment in ])rouze poults when 109?^ cottonseed meal or 10% 
corn gluten meal was used in the ration. Fc^ather pigmentation 
was normal when soybean meal was similarly used in the 
ration. They also recorded that the abnormality diminished 
as maturity approached, and they ]:)Ostulated that the pigmen- 
tation failui*e was due to “a deficiency of some constituent 
which was required for rapid growth but was released for 
pignunitation when the growth rale diminished.” These au- 
thors also suggested that ‘‘manganesed calcium” used in 
some of the rations may have ])een a causative factor. Roberts 
(’45) noted that white plumage developed in bronze poults 
when 20% soybean meal in the ration was replaced with 
ground corn. 


Copyright. 1040 
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A sories of roi)oi*ts frojii the Oklahoma Kxporimoiit Station 
(siimmarizod by ’43) iiidicated tliat low til)er rations 

caused a similar loss of pigment in bronze i)oults. However, 
it might be noted that the source of ti])ei* used in these studies 
was alfalfa stem meal which may hav(‘ contributed many 
factors in addition to fiber. 

Excessive white feather formation has also Ikhmi reported 
in growing chickens ( Mc(\)nachie, (Jraham, and Branion, ’33; 
and Poley, ’38) but in these reports it is not (dear that tlu‘ 
causative factor was tlie same as in the (*as(‘s involving ])oults. 
(Jroody and Oroody ( ’42) ri^jmrted that pantothenic acid de- 
ficiency caused l(‘ss featlun* ])igmentation in chi(dcs. 

The object of tliis investigation was to study the possible 
causers of the loss of pigment from the fcTitliers of poults, and 
to detei*mine how tliis syndrome (‘an l)e prevent(*d. 


EXPKUKM EXTAL 

standard bred Inonze poults, batch(‘(l from th(‘ Boi’den Ex- 
periirumtal Eai*m llocdv, w(n*e usctI in this study. The day-old 
I)oults were ])lac(*(l in ehytric^ally lumtcnl, wiie floored, battery 
brooclei*s. Throughout the test they ]-(‘ceiv(Hl the designated 
diets and fiesh taj) water ad libitum. Th(‘ first test was 
desiginnl to study th(‘ c*tfect of varying fiber and cal(*ium con- 
tent, and of th(' us(‘ of corn gluten meal ui)on the incichuua* 
of the white feather syndrome. The diets and a summary 
of th(‘ observations ar(» shown in table 1. The leather ])ig- 
meiitation was judged on an arbitrary scale when 0 indicated 
normal color, 1 indicated slightly abnoi-mal ('xtent of white* 
color on the feathers of a few poults in the group, 2 indicated 
all ])()ults with slight degrees of i)ignientation failure, 3 
indicated moderate to severe loss of ifigment, and 4 indicated 
very severe loss of i)igment with extrennely wide white* bands 
on both wings and also on the tail teatliers. Figure 1 shows 
the normal bronze ])attern of the i)Oults on diet 4213 and the 
abnormal white wing feathers of poults on diet 4215. 

Tlie data of Almeiuist (’45) ainl of Block and Bolling (’45) 
on the comjjosition of soybean protein and of corn gluten 
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protein iiidiealiHl lai'ge diiTereiices in tlie eontont of glycine 
and lysine. In tJie second test, ci*ystallin(‘ glycine ^ and ciaide 
lactall)innin, l•(^spectively, were added to the corn gluten 
nu^il died, no. 4210, m sncli (jiiantities as to ]*aise the intake 

Tvin.r 1 

Obstn (ihans <ni r<n'ii (fluini filn r and ralrinin contmf f/s possibJr 

ransf's of inf/mrnlafatn fadurr in hronzf hnhiif paulU. 



4‘J]{ 

4214 

421'. 

12115 

4217 

1218 

N'ellow coin meal 

L’0.4 

20.4 

20.4 

22.0 

27).4 

^ fj 

17.9 

l’ul\e?iz('d oats 

10.0 

JO.O 

10.0 

'>.0 


10.0 

I0)ll(*d oats 




7.0 

lo.o 


(tioiukI wheat 




111. II 

20.0 


Mandaid iiiiddl ii^> 

lO.i) 

10.0 

10.0 

7.0 


10.0 

Wheat 1)1 an 

10.0 

lo.o 

lo.o 

7.0 


lo.o 

Vital fa meal 

Alfalfa leaf meal 

7.0 

7.“) 

7.7) 

» . 7 7) 

1.27, 

2 7 

7.7) 

Aleat and h )ne sciap 

IJ.") 

12.7) 

12 7, 

12.7) 

12.7, 

1 2.7) 

Saidnie meal 

•J.l 

2.7, 

2.7) 

2.7 

2.7 

2.7) 

S(»\lM‘aii meal 

20 0 

10.0 


20 0 

20.0 

20.0 

Cfnii ^Intmi meal 


10.0 

20.0 




KiaMly\ ‘ 

2.0 

2.0 

2.0 

2.0 

2.0 

2.0 

Ladpio 100 1) ' 

1 (» 

1.0 

1.0 

1.0 

1.0 

1 0 

(liouml hinestom* 

2.0 

2.7) 

2.7) 

2 7) 

2. .7 

7) 0 

Salt w it h I,, and AI n 

1.0 

1 0 

1.0 

1.0 

1 0 

1.0 

Calculated % Fihei 

0.7S 

0.40 

().14 

7). 02 

a. 20 

i).7a 

(’alculated I’lotein 

21.S 

27) 0 

•I" .) 

24.7 

24.2 

24.0 

Calculated % L>‘'ine 

1.28 

1,02 

O.si 

1.1 H 

l.ia 

1.22 

Xo. poults 

Av. wt. of poults 

a.') 

a 7) 

a.") 

a 7) 

a4 

.14 

at 0 weeks (^ni) 

400 

oSO 

00.") 

itO.7 

oai 

104 

Achroma score 

0 

1.0 

a 

0 

0 

0 


M\)ultn t'lMMl siijiploiiirnt rontaiimig w1k‘\ soliiMes, usf<l to sui>ply l>*i-oni])k‘x 
\ itniniiis. 

* Coultry f(*o(l sii|))»I('iiKMit c-outaininj* lisli soliil)l(‘s ainl ti")! liver ainl jjlanilular 
meal, standardized to contain 100 A.O.A.C. amts of vitamin D per gjni. 

of tliese amino acids to tlie levels which would lie ^np])iied 
if soyl)(‘an meal had re])laced the corn gluten meal. The jire- 
ventive values of (*rystalline d-lysine monohydrochloride - and 


’ Dow. 
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of calcium pantothenate were also tested in conjunction with 
the high corn gluten meal diet. Two levels of ground limestone 
were also used in this series to <letermine any elTect of varying 
the calcium content of the ration. Table 2 summarizes the diets 
and observations. 




Fi^(. 1 The ujtjier poult was raised on diet 4213 and shows the normal bronze 
pattern. The lower poult was raised on diet 4215 and show\s the abnormal white 
wing feathers. 

Table 3 summarizes a test in which the elfectiveness of crys- 
talline d-lysine (Block) was compared witli soybean meal, 
yeast, and casein as food sources of lysine. Several modifi- 
cations of the lysine deficient ration were produced by vary- 
ing the protein sources used. The hasal mixture had the fol- 
lowing composition : Yellow corn meal 26.3, pulverized oats 
10.0, standard middlings 10.0, wheat hran 10.0, dehydrated al- 
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falfa meal 5.0, Flaydry ® 2.0, Ladpro 100 D * 1.6, ground lime- 
stone 2.5, and salt with added iodine and manganese 1.0. To 
this basal mixture were added the variables of interest indi- 
cated in table 3. Diet 4406 contained the least lysine of any 
diet used in this study. 


TABLE 2 


Effect of certain supplements added to the corn gluten meal diet which causes 
feather pigmentation failure. 


PKN 

SUPPLEMENT 

W DIET 

4215 

CONTENT OP 

Ground 

Protein Lysine Lime- 
stone 

NO. 

OF 

POULTS 

AV. WT. 
AT AOE 

IN WKS. 

ACHROMA 

SCORE 



% 

% 

% 


gm 


4269 

Glycine, 1.25% 

26.1 

0.80 

2.5 

8 

377 (5) 

4 

4270 

Lactalbumin, 10.5% 

27.3 

1.18 

2.5 

8 

396 (5) 

0 

4271 

None 

25.2 

0.81 

2.5 

8 

355 (5) 

3.5 

4354 

None 

25.2 

0.81 

2.5 

6 

182 (4) 

4 

4355 

Calcium pantothenate 








10 mg/lb 

25.2 

0.81 

2.5 

6 

240 (4) 

4 

4356 

Lysine, 1.8 gm/lb 

25.6 

1.20 

2.5 

6 

340 (4) 

0 

4357 

None 

24.6 

0.79 

5.0 

6 

227 (4) 

3 

4358 

Lysine, 1.8 gm/lb 

25.0 

1.19 

5.0 

6 

296 (4) 

0 


The preventive value of fisli solubles and of fish meal were 
investigated, and this test is summarized in table 4. It was 
considered desirable to study these materials because of their 
general acceptance and wide use in commercial poultry feeds. 
Almquist (’45) gives the lysine content of fish solubles as 
4.9% of the crude protein, and of fish meal as 5.7% of the 
crude protein. 

DISCUSSION 

From the data presented in table 1, it seems obvious that 
the only cause of the white feather syndrome was the use of 
corn gluten meal. Among the ditferences in amino acid com- 
position of soybean meal, which did not produce the syn- 

* Poultry feed supplement containing whey solubles, used to supply B-eomplex 
vitamins. 

* Poultry feed supplement containing fish solubles and fish liver and glandular 
meal, standardized to contain 100 A.O.A.C. units of vitamin D per gram. 
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drome, and of corn gluten meal, which did produce the syn- 
drome, was that of the lysine content. Throughout the course 
of the tests outlined in this report, the use of protein sources 
which were good carriers of lysine prevented the pigmentation 
failure. Whenever proteins of low lysine content were sub- 
stituted, the white feather syndrome was observed. The use 

table 3 


Effect of varying the source of protein on the incidence of the white 
feather syndrome. 


INt.BEDlENTS 

4SP8 

dnoQ 

4400 

4401 

DIET 

4402 4403 

4404 

4405 

4406 


% 


</r. 


% 

% 

% 

% 

% 

Busal mixture * 

68.4 

68.4 

68.4 

76.7 

68.4 

68.4 

68.4 

68.4 

68.0 

Meat and bone scrap 

12.5 

12.5 

12.5 

12.5 

12.5 

12.5 

12.5 

12.5 

6.5 

Sardine meal 

2.5 

2.5 

2.5 

2.5 

2.5 

2.5 

2.5 

2.5 


Cottonseed meal 

16.6 

. . 

, . 

. , 


, , 



8.5 

Soybean meal 

. . 

16.6 

. . 


. . 




. , 

Dried brewer’s yeast 



16.6 


. , 





Casein * 


. , 

, , 

8.3 


. . 


, , 


Linseed meal 

. . 

. . 

. . 


16.6 

. , 



8.5 

Corn gluten meal 


. . 

. . 

. , 

, , 

16.6 

16.6 

16.6 

8.5 

Lysine, crystalline ® 

. . 

. . 

’ 

, . 



1.8» 

3.6> 


Protein % 
(calculated) 

24.1 

24.0 

24.9 

25.0 

23.0 

24.3 

24.7 

25.1 

22 4 

Lysine % 

(calculated) 

0.92 

1.14 

1.20 

1.24 

0.88 

0.79 

1.18 

1.58 

0.69 

No. of poults 

12 

12 

12 

12 

12 

12 

13 

13 

13 

Av. wt. at 5 weeks 

317 

404 

328 

357 

265 

227 

394 

348 

253 

Achroma score 

1 

0 

0 

0 

0 

1 

1 

0 

3 


^See text for composition of basal mixture. 

* Difference made up with the yellow com meal. 

® Lysine additions are expressed as grams per pound. The lysine used was Block’s 
d-lysine. 2 HCl. 

of crystalline lysine was as effective in preventing the syn- 
drome as were any natural sources of lysine. It therefore 
seems obvious that under the conditions of this study, lysine 
deficiency was the cause of the pigmentation failure. Of 
course, it must be recognized 'that not all cases of pigmentation 
failure are necessarily due to a lysine deficiency. This syn- 
drome is only an indication and as such may have numerous 
causes. 
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^ To diets 4443 to 4446, inclusive, the following crystalline vitamins were added per pound : 1.2 mg riboflavin, 68.0 
nicotinic acid, and 3.4 gm choline chloride. 
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A reasonable rate of growth is required to bring out the 
abnormality. If growth is below a critical limit, the lysine 
requirements are apparently reduced to the point where suf- 
ficient lysine is available for pigmentation. 

Lysine is also seen to be a growth factor. This confirms the 
conclusion that the syndrome described is actually a defi- 
ciency. In all but a few cases the addition of either a natural 
source of lysine or of crystalline lysine did stimulate growth as 
well as prevent the pigmentation failure. 

There are a few discrepancies in the growth rate which are 
not fully explained. The growth on diet 4213 was relatively 
poor (table 1). However, the average weight shown is influ- 
enced considerably by an unusual number of very small 
poults. If these were eliminated, the average weight of the 
birds on diet 4213 would be fully up to the highest weights ob- 
tained with other diets in this trial. 

Calculations of the lysine content of the various rations are 
based upon data of Almquist (’45) and Block and Bolling 
(’45). With a few exceptions, chiefly those summarized in 
table 3, the incidence of the white feather syndrome varied 
inversely with the lysine content of the ration. Diets which 
contained 1.1% to 1.2% of lysine seemed to meet the poults’ 
requirements for growth and pigmentation. These figures are 
above the recommended nutrient allowances for chickens 
(Cravens et al., ’44). It seems apparent that the turkey 
poult requires considerably more lysine than does the chick. 
Similar differences have been noted in vitamin requirements. 

When poults were placed on a lysine deficient diet, the 
white feather syndrome became apparent at about 2 weeks 
of age. The abnormal condition reached a maximum at about 
5 weeks of age, and then gradually receded. Even when the 
poults were kept on diet 4215, the normal bronze pigmentation 
had nearly completely replaced the white by the time the 
poults were 10 weeks of age. This is somewhat more rapid 
disappearance of the syndrome than was noted by Funk and 
Kempster (’40). 
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As would be predicted from the lysine content, fish solubles 
and fish meal showed little protective value. Unless higher 
than usual levels of these ingredients are used, they are not 
especially effective in preventing the white feather syndrome. 
They do, however, show a growth stimulating value which 
may be due to other factors. Variations in the fiber or calcium 
content of the ration, and additions of glycine and calcium 
pantothenate, had no apparent influence on the incidence 
of the white feather syndrome. 

Some of the poults on these diets also developed a curled 
feather condition similar to the symptoms of vitamin Bjo de- 
ficiency described by Briggs, Luckey, Elvehjem and Hart 
( ’44). This condition did not parallel the pigmentation failure, 
and may have indicated another deficiency in the rations used. 

SUMMARY 

A feather pigmentation failure was observed in bronze 
poults raised in confinement on diets containing a high per- 
centage of certain vegetable protein concentrates. The syn- 
drome was prevented by adding crystalline lysine to the diet, 
or by substituting protein concentrates high in lysine. The 
data indicates that the diet must contain approximately 1.1 - 
1.2% of lysine for normal feather pigmentation and to permit 
optimum growth of poults. 
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On the assumption that preferences for foods are indicative 
of nutritional requirement and therefore physiologic need, 
several attempts have been made to determine the effect of 
varying physiologic requirement on the voluntary intake of 
purified or partially purified food components by the rat. Un- 
der certain conditions, successful choice has been reported 
(Richter et al., ’38a, ’38b, ’38c, ’39, ’41a, ’41b; Clark and Clau- 
sen, ’43; Cahill et al., ’43). Other investigators have found 
a limited ability of rats to select proper foods (Kon, ’31; 
Warkentin et al., ’43). 

The present experiments were designed as an attempt to 
clarify the role of nutrition in the self selection behavior of 
rats. 


EXPERIMENTAL METHODS 

Albino rats of a mixed strain were weaned at 21 to 25 days 
of age and put in individual cages with four identical cups 
in a rack, all filled with the standard diet.^ Vitamins were 

‘Contribution No. 581 of the Department of Chemistry, University of Pitts- 
burgh. Aided by a research grant of the Buhl Foundation. 

*The standard diet consisted of 24% purified casein (Labco vitamin-free 
4% salts (Jones and Foster, ‘42), 10% hydrogenated fat (Primex), and 
62% sucrose. 
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supplied daily in the form of pills.® This diet and supplement 
have given satisfactory growth in all experiments in this lab- 
oratory in which they were used. 

The amount of food eaten from each cup was recorded 
daily, and the cups were then interchanged in a predetermined 
random manner. After a 3-week control period, the standard 
diet was replaced by sucrose, Primex, casein, and salts, each 
in an individual cup. The amount of each component was re- 
corded daily for 3 weeks, and the cups interchanged in the 
same random manner as before. 

RESULTS 

Three types of eating behavior were apparent in the 3-week 
control period. These were: (1) Position eating — The ani- 
mals preferred to eat from the two cups on the end, as opposed 
to the two in the middle. As individuals, they usually ate 
more from either the right or left end cup, and more animals 
ate from the right than from the left end cup. (2) Repetitious 
eating — The animals had a tendency to eat from the cup 
they had eaten from before, in spite of its position or change 
of position. (3) Random eating — Certain animals ate at 
random from the cups. This tendency could very properly 
be considered a lack of the first two types of behavior. 

As would be expected from general knowledge of animal 
behavior, the proportion of animals which showed one type 
of eating behavior to the exclusion of the others was small. 
Most animals therefore had tendencies toward all three. A 
summary of the eating habits during the control period of 
eighty-seven animals used in this study is shown in table 1. 
The division into two groups, A and B, is based on growth 
performance during the experimental period. Group A lost 
weight and group B gained weight during the latter period. 

’Each pill contained approximately: 60 fig thiamine hydrochloride; 120 Mg 
riboflavin; 90 Mg pyridoxine hydrochloride; 150 fig calcium pantothenate; 10 mg 
choline chloride ; 1 mg o-tocopherol ; 55 lU Vitamin A and 11 lU Vitamin D, both 
as 0.001 ml Natola in a dextrin-powdered sugar base. One pill was offered each 
rat daily throughout the experiment and, after the first 2 or 3 days, it was con- 
sumed avidly. 
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During the 3-week experimental period all possible types 
of eating behavior were observed. A few animals ate only 
sucrose or only fat until they died; some animals alternated 
from one to the other; some animals ate no protein; others 
for a fairly long period ate protein exclusively. The only gen- 
eralization that could be drawn was that no animal disliked all 
of the choices, and accordingly no indications of caloric de- 
ficiency were observed. The only differences of choice in the 
two sexes were attributable to differences in growth rate and 
to total amount of food eaten. 

TABLE 1 


Eating behavior of rats during S weeJc control period} 


! 

GHOUr 

NO. ' 

1 OF I 

GROWTH j 

% TOTAL FOOD EATEN FROM POSITION 2 

i ANI- I 
MALS. 

FOOD KATJfiJH 1 

I (a) 

(h) 

i (c) 

' (d) 

A<? 

! 

20 

fjm 

49.5 ± 3.3 

pm ! 

, 108.4 ± 5.4 22,4 ± 1.2 

20.4 ± 2.1 

24.2 ± 2.1 

33.0 ± 2.9 

2 1 

1 14 ‘ 

45.0 ± 3.6 

100.0 ± 5.6 23.5 ± 2.6 

19.8 ± 1.9 

19.3 ±1.8 

37.6 ± 4.0 

All 

! ^4 ; 

47.0 ± 2.5 

i 105.0 ± 3 9 22.8 ± 1.3 

20.2 ± 1.4 

22.2 ±1.5 

34.9 ± 2.4 

Be? 

: 28 , 

66.4 ± 2.6 

133.8 ± 3.8 >27.8 ± 2.3 

20.5 ±1.4 

21.5 ± 1.0 

28.9 ± 1.6 

$ 

25 

59.7 ± 2.4 

1 126.9 ± 3.4 1 27.2 ±26 

21.3 ± 1.5 

21.5 ± 1.1 

30.2 ± 1.8 

All 

53 

63.2 ± 1.8 

, 130.5 ± 2.6 j27.5 ± 1.7 

20.8 ± 1.0 

21.5 ± 0.9 

29.5 ± 1.8 

Total 

1 

87 

.56.9 ± 1.7 

1 

120.5 ± 2.6 >25.7 ± 1.2 

20.6 ± 0.8 

21.8 ± 0.8 

31.6 ± 1.2 


' All data in terms of mean and standard error of the mean. 

* Position (a) was to the animals left w'hile eating. 

Because of the marked variability in eating behavior and 
growth response, the data obtained were difficult to present 
(luantitatively. The frequency distributions of fat, protein, 
and carbohydrate in terms of per cent by weight of food 
eaten or per cent of total calories did not approach the normal 
frequency curve, and it was believed that calculated averages 
and standard errors would be almost meaningless in these 
cases. However, a histogram of weight of fat eaten ap- 
proached the normal distribution ; weight of protein and salt 
gave bimodal distributions, and weight of carbohydrate gave 
a skewed unimodal distribution (fig. 1). The situation was 
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further clarified by the division of the animals into two groups 
on the basis of growth. (Group A lost weight during the ex- 
perimental period; group B gained weight). Each group 
showed a frequency distribution sufficiently near the normal 
to allow the calculation of average values and their standard 
errors for weights of fat, protein, and salt eaten as well as for 
weight change and total calories eaten (table 2). Both groups 



Fig. 1 Distribution of growth and eating habits of rats during a 3 -week 
period of self selection. 

showed the same skewed distribution for weight of carbo- 
hydrate eaten as is shown in figure 1, and the average figure 
for weight of carbohydrate presented in table 2 is of doubtful 
significance. A calculated standard error of weight of car- 
bohydrate would obviously be meaningless under the cir- 
cumstances. 

It will be noted from table 1 that those animals which grew 
on the selection experiment also grew significantly more 
during the control period. 
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Histograms of calculated caloric density (total cal./total 
weight of food) of diets selected by both group A and group 
B showed bimodal frequency distributions (fig. 2). A some- 
what arbitrary division of the groups on the basis of caloric 
density resulted in groups which ate (aside from protein and 
salts) primarily fat or primarily carbohydrate for the balance 

TABLE 2 


Average selections of animals during S-weelc experimental period. 


GROUP 

NO. 

OP 

ANI- 

MALS 

CHANGE 

IN BODY 
WT. 

TOTAL 

CALORIES 

EATEN 

PROTEIN 

EATEN 

FAT 

EATEN 

SALT 

EATEN hydrate 
EATEN eaten * 



gm 


gm 

gm 

gm 

gm 

A<? 

20^ 

— 21.8 ± 1.3 

421 ± 28 

1.4 0.5 

38.3 ± 3.9 

0.7 ± 0.1 

18.1 

? 

14* 

— 19.8 ± 0.9 

382 ± 26 

1.3 ± 0.4 

30.2 ± 4.5 

1.3 ± 0.3 

29.8 

AH 


— 21.0 ± 0.8 

403 ± 19 

1.3 ± 0.4 

35.0 ± 3.0 

0.9 ± 0.2 

22.9 


28 

66.6 ± 5.8 

920 ± 45 

58.5 ± 5.2 

50.4 ± 6.9 

5.4 ± 0.4 

58.1 

9 

25 

50.4 ± 3.3 

829 ± 29 

62.0 zt 5.2 

40.1 ± 4.2 

5.4 ± 0.4 

55.0 

All . 

53 

58.9 ± 3.6 

877 ± 28 

60.1 ± 3.7 

45.5 ± 4.2 

5.4 ± 0.3 

56.7 


‘ Three males and two females died in group A, presumably due to lack of 
protein in the diet. 

* For discussion of significance of this figure, see text. 



Fig. 2 Distribution of caloric densities of self selected diets. 

of their diet. The subdivided groups (table 3) did not differ 
greatly in other respects. The differences that appear in 
weight change and total calories of groups Bi and Bj in table 
3 are in part due to the uneven distribution of the sexes in the 
two groups. 

Eats from fourteen complete litters of varying size were 
used in this experiment. Table 4 shows the sex distribution 
and numbers of animals in groups A and B of each litter. 
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The probability that an arrangement, as improbable as the 
group distribution, could result from the litter being a ran- 
dom sample of all animals used was calculated.'* In table 4 
it is seen that seven of fourteen litters have probabilities 


TABLE 3 

Bclation of caloric density of self -selected diets to growth, 
calories and food choice. 





a EO TT P 


Ai 

A, 




d* 

16 

5 

16 

12 

Number of animals : 

? 

7 

6 

10 

15 

Caloric density 


S.O ± 0.1 

5.4 zt 0.3 

6.3 ± 0.1 

4,5 ± 0.1 

Change in body weight 






(in gm) 

— 

21.8 ± 1.0 

— 19.3 ± 1.3 

65.5 ± 5.1 

52.7 ± 3.3 

Total calories eaten 


404 ± 25 

400 ± 29 

917 ± 38 

839 ± 42 

Protein eaten (in gm) 


1 6 ± 0.5 

0.9 ± 0.3 

57.0 ± 3.7 

63.1 ± 6.3 

Fat eaten (in gm) 


41.8 ± 2.5 

19.7 ± 5.1 

70.9 ± 3.8 

21.1 ± 2.5 

Carbohydrate eaten (in gm) 

7.4 ± 1.2 

57.3 ± 5.7 

12.7 ± 1.4 

99.0 ± 7.2 

Salt eaten (in gm) 


0.8 ± 0.2 

1.1 ± 0.4 

5.5 ± 0.3 

5.3 ± 0.5 


less than 0.22. Since the probability of the latter occurring 
due to random sampling is 1 in 50 (0.020), litter mates must 
tend to have the same appetites. It is interesting, however, 
that no litter of four or more animals failed to have members 
in both groups. 


* The probability of any one animal being in group A is 34/87 = .39. The 
probability that X animals in a random sample of size n will be in group A is: 


Pa = 


1-2-3 


(T^X + 1) 
(n-X) 


(.39)X (.61)n—X 


The probability th«qt an arrangement as improbable as X of n animals in group A 
could result from random sampling is plus the sum of the probabilities of all 
less probable arrangements. The probability Pjj of seven of fourteen litters having 
a probability of less than 0.22 obviously: 




14*13-12-ll*10-9*8 

i*2*3-4*5*6*7 


(.22)» (.78)’ = 0.015 


The sum of the probabilities of less probable arrangements of fourteen litters is 
0.005, and therefore the probability that an arrangement of fourteen litters could 
be as improbable as that shown in table 4 because of random sampling is 0,020. 
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TABLE 4 

Litter distribution of animals on self selection. 


LITTER 


NUMBER OF ANIMALS 

PROBA- 
BILITY * 

LITTER 

NUMBER OP ANIMALS 

PROBA- 
BILITY ‘ 


(1) 


(2) 

(3) 

(1) 

(2) 

(3) 


cf 

? 

Group A Group B I 

d 

? 

Group A 

Group B 

D 

2 

2 

2 

2 

0.640 

K 6 

4 

3 

7 

0.750 

C 

3 

3 

r> 

1 

0.037 

L 3 

3 

1 

5 

0.41.5 

E 

4 

2 

1 

f) 

0.415 

M 3 

3 

4 

2 

0.217 

F 

1 

0 

1 

0 

0.390 

N 6 

2 

1 

7 

0.165 

G 

6 

4 

8 

2 

0.017 

O 4 

5 

1 

8 

0.177 

II 

0 

1 

0 

1 

LOOO 

P 3 

2 

4 

1 

0.079 

T 

3 

3 

2 

4 

1.000 






.1 

4 

5 

1 

8 

0.177 

Total 48 

39 

34 

53 



‘Probability that a group distribution as improbable as that in column (2) 
could arise from random sampling. 


DISCUSSION 

The pronounced variability and atypical frequency distri- 
butions of the choices of the rats in this experiment cannot 
be too strongly emphasized. These characteristics prevent the 
calculation of averages and standard errors of appetites of 
small numbers of animals, and limit the usefulness of the self- 
selection method to large groups. 

Under present conditions, the following conclusions can be 
reached : 

1. Rats either do or do not like casein ; if they like it, they 
eat an average of 3 gm per day and grow well ; if they do not, 
they eat less than 0.1 gm per day, lose weight, and die within 
a short period. 

2. Rats have a uniform appetite for hydrogenated fat 
which varies only slightly with the growth rate, and therefore 
with the total calories eaten. 

3. A large proportion of rats eat very little sucrose, while 
only a few eat it in large amount. 

4. Rats which grow eat about 0.25 gm of salts per day, 
rats which do not, eat 0.05 gm per day. 

5 Rats which like casein grow significantly better on a 
standard diet than do rats which dislike casein. 
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6. Litter mates tend to have similar appetites, indicating 
the influence of hereditary factors on choice. 

Two necessary criteria that an appetite be based on a diet- 
ary need are: (a) The need must be accompanied by an ap- 
petite. (b) A change in need must be accompanied by a change 
in appetite. These are not sufficient criteria, however, to prove 
the point because the animal may learn by experience that a 
particular choice gives him a greater feeling of satisfaction, 
while obviously he is unable to recognize a dietary need as 
such. 

It is in the light of these two criteria that the dietary sig- 
niflcance of this experiment becomes most apparent. Since 
all the rats had a need for protein, and only fifty-three out of 
eighty-seven had an appetite for it, there does not appear 
to be a relation between need and appetite in this case. It 
is even possible that the appetite for protein of the animals 
in group B may be based on a trivial factor such as taste, 
consistency, or desire for variety. The widely varied appetites 
for fat and carbohydrate seem to have no basis in dietary 
need. 

The appetite for salts does seem to be related to need. With 
few exceptions, the animals which exhibited growth selected 
salts and those which did not ate very little. There was no 
evidence of growth retardation due to low intake of salts. 
Similarly, the appetite for calories seemed to be related 
to need. No animal failed to grow because of lack of calories, 
and no animal lost weight unusually rapidly because of failure 
to eat. The type of food eaten to supply calories, aside from 
protein, had little effect on total calories eaten, as shown in 
table 3, and the only appetite which affected growth was that 
for protein. 

The most probable conclusions under the conditions of this 
experiment appear to be: (a) The only nutritional require- 
ments related to eating behavior are need for salts and need 
for calories, (b) The form in which calories are eaten is 
independent of need, (c) The need for salts and calories is 
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determined by the protein intake, which, of itself, is inde- 
pendent of need. 

Finally, it is common knowledge that dietary requirements 
of a group of animals, like all physiologic measurements, can 
be described as a mean plus or minus a small standard error. 
The wide variability of the appetites here demonstrated 
can be considered as an additional indication that they are 
not based on dietary needs, for the latter show much less 
variability. 

The fact that rats which are able to make a successful 
choice also grow better on a standard diet is of special in- 
terest. If a similar correlation exists in the case of hogs, 
the explanation of the good growth of these animals on self- 
selection feeding may be the fact that they have been bred 
for many generations for growing ability. 

The results here presented are appreciably different from 
those presented in several of the studies mentioned above. 
Possible explanations of differences in these and earlier 
results may be as follows; (1) In some reports, the number 
of animals was too small to draw any significant conclusions. 
(2) Eats of a different strain were used. (3) Some of the 
choices presented were not purified foods. For example, a 
large portion of the protein requirement of rats in certain ex- 
periments has been provided by yeast. 

8t:mmary 

1. The appetites of eighty-seven normal rats, allowed 
their choice of sucrose, casein, hydrogenated fat, and salts, 
are described. Thirty-four of these animals failed to grow. 

2. The animals could be separated into two groups on the 
basis of their appetites for casein. 

3. The appetites of these animals, aside from that for salts 
and calories, showed no apparent relation to physiologic or 
nutritional need. 
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Variability is the most prominent characteristic of living 
beings. Variability among the individuals of the same 
zoological (or botanical) class or subdivision is spoken of as 
individuality, and the biological basis of individuality has 
been considered in great detail recently by Loeb (’45). But 
in the same individual, variability operates in functional 
behavior from time to time, even under the same environ- 
mental conditions, insofar as these conditions can be controlled 
in biological experimentation. The universality of variation, 
both morphological and physiological, among and within 
individual organisms, complicates the planning of experi- 
mental investigations, the interpretation of the results secured, 
and their application to the practical problems of life. 

The prevalence of variation in evei*y type of biological study 
necessitates in most cases the application of statistical analy- 
sis in order to distinguish the changes in form or function that 
may result from changes in conditions deliberately imposed 
in the plan of the experiment, from the changes in form or 
function that occur regardless of these changed conditions 

' The investigations to be reported in this paper were aided by funds contri- 
buted to the University of Illinois by the M and R Dietetic Laboratories, Inc., 
of Columbus, Ohio; the American Dry Milk Institute, Inc., of Chicago, Illinois; 
and the Kelco Company, of San Diego, California. 
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due to the uncontrolled factors in the experiment and to the 
individuality of the subject organisms. 

In physiological and biochemical studies on man and labora- 
tory animals, the prevalence of functional variability under 
conditions as well controlled as is feasible at present has been 
pointed out from time to time. The publications of Rietz and 
Mitchell (’10), Grindley and Mitchell (’17), Bauer, Allbright 
and Aub ( ’29), McCance and Widdowson ( ’42, ’43), and Macy 
(’42), among many others, may be cited in this connection. 
The variation in biological assays of pharmaceutical products 
and the service of statistical methods of analysis in dealing 
with Ihe situation have been ably discussed by Bliss (’41). 

.However, in nutritional research, the fact that variation in 
experimental data must be considered and measured for pur- 
poses of description and valid interpretation is not always 
recognized. The simplest mathematical manipulation, the 
computation of an average, is often ihe only statistical method 
used in reducing data to a form from which conclusions are 
deduced. The process of adding individual data together and 
dividing by their number, to obtain a value that generally is 
not identical with any of the measurements actually- made, is 
carried out apparently in a i-outine way, wdtli little considera- 
tion of the consequences of substituting an average for the 
data from which it was derived, or of its implications. Food 
composition tables that are so important in practical nutri- 
tion in implementing nutritional principles and generaliza- 
tions, contain only average analyses. Such an abbreviated 
presentation, often of a rich volume of data, fails to reveal 
the reliability of different foods as sources of nutrients. It 
misleads the user of such tables to class together, as a source 
of calcium for example, a reliable food such as milk with an 
utterly unreliable food, such as lettuce, merely because their 
average contents of calcium for the particular samples ana- 
lyzed happen to be nearly the same. 

Similarly, in the presentation of nutritive requirements, 
averages only are given in the majority of cases. One common 
use to which such averages are put is the evaluation of the 
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nutritive status of individuals and populations whose nutritive 
intake has been more or less accurately estimated. But with no 
information as to the variability in requirements, the signi- 
ficance of deviations between the average requirements and 
the estimated intakes cannot be judged on any rational basis. 
Whether the deviations are within the range of normal re- 
quirements, or whether they indicate definite over- or under- 
nutrition cannot be decided, although unfortunately decisions 
are often made nevertheless. Pett (’43, ’45) has ably remon- 
strated against such a use of requirement data and has strongly 
advocated the determination of variation in nutritive require- 
ments, as well as mean requirements. Fertig { ’43) and Dann 
and Darby ( ’45) have presented similar arguments. Kline 
and Eheart ( ’44) have reported extreme variations in the as- 
corbic acid requirements for saturation, even in a small group 
of women subjects, while Steggerda and Mitchell (’41) have 
observed a variability of about 20% (coefficient of variation) 
in the calcium requii'ements of a small group of men. 

It will be the purpose of this paper to report the results 
of calcium metabolism studies on a group of nineteen men 
with particular reference to the variation among and within 
individuals with reference to the paths of excretion and the 
utilization of ingested calcium and to the indicated require- 
ments of dietary calcium for the maintenance of calcium equi- 
librium. 

experimental peocedures 

There were nineteen subjects in the experiments reported 
in this and the following paper, which extended over a period 
of 5 years. Their average age, weight, and height are recorded 
in table 1, together with estimated surface areas aJid basal 
metabolism. 

The general plan of the experiment in testing the utiliza- 
tion of the calcium in various milk products and calcium salts 
was to place each subject upon a basal diet containing on the 
average 229 mg of calcium daily. This diet contained sufficient 
food energy to maintain body weight and, with daily supple- 
ments of vitamins A and D, it was presumably adequate in all 
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respects but calcium. After 4 or 5 days on a constant intake 
of food, collections of feces and urine were made in successive 
4-day periods until it was apparent that the subject was ad- 
justed to this low level of calcium nutrition. Carmine was 
used as a feces marker. 

In succeeding metabolism periods, supplements of milk 
products and calcium salts were added to the basal diet in 


TABLE 1 

Description of experimental subjects. 


gt'BJlCCT 

AOE 

BODY 

WBIOHT 

HXIOHT 

BODY 
SUXrACB * 
ARBA 

BASAL 

METABOLISM * 


ytarn 

ka 

cm 


Cal 

Steg 

39 

81 

180 

2.01 

1817 

Ne 

28 

74 

184 

1.96 

1815 

Cl 

27 

70 

176 

1.86 

1727 

Fo 

25 

67 

171 

1.78 

1675 

Step 

25 

83 

171 

1.95 

1895 

Has 

25 

72 

204 

2.09 

1909 

Vo 

22 

73 

186 

1.97 

1852 

Sc 

22 

87 

186 

2.12 

2045 

McB 

24 

64 

181 

1.82 

1690 

B? 

28 

67 

169 

1.77 

1644 

Te 

26 

67 

179 

1.84 

1708 

Sn 

23 

72 

181 

1.92 

1807 

McC 

20 

63 

179 

1.80 

1694 

Sw 

20 

65 

176 

1.80 

1706 

On 

20 

67 

173 

1.80 

1719 

To 

29 

62 

167 

1.70 

1559 

Hal 

19 

66 

166 

1.73 

1677 

Le 

17 

63 

166 

1.70 

1650 

Bo 

24 

70 

186 

1.93 

1797 


* Computed by the formula of DuBoia and DuBois ( ’16). 
’Estimated by the Harris-Benedict (Carpenter, ’39) formula. 


amounts to provide enough calcium for approximate equili- 
brium. The milk products tested included pasteurized whole 
milk, dried defatted milk, dried whole milk, homogenized milk, 
a commercial soft curd milk prepared, by the process of base 
exchange (Lyman et al., ’33), milk heated to 160°F. for 30 
minutes and milk with varied supplements of sodium algi- 
nate (2%), potassium or sodium citrate, citric acid (0.27%), 
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and orange juice. The calcium salts used were the citrate 
and the gluconate. During those periods involving milk sup- 
plements, small adjustments were made in the basal diets to 
equalize the energy intakes in basal and test periods. All 
experimental periods consisted of a succession of 4-day col- 
lection periods continued until it was evident that an adjust- 
ment to the experimental diet had occurred over at least 12 
days, and generally 20 days or more. Results of a 4-day period 
at the beginning of a test that indicated incomplete adjustment 
were not included in the average. 

Further details of the experimental procedure are contained 
in a previous article (Steggerda and Mitchell, ’39). 

EXPERIMENTAL RESULTS 

The average results for each subject on the low-calcium 
basal diet are summarized in table 2. The averages include all 

TABLE 2 


Calcium metabolism at low intake levels. 
Averages expressed in milligrams per day. 


811BJECT 

PERIODS 

TOTAL 

D.4Y8 

CALCIUM 

INTAKE 

CALCIUM 

IN 

FECES 

CALCIUM 

IN 

URINE 

CALCIUM 

BALANCE 

Ne 

4 

84 

229 

268 

60 

~ 99 

Fo 

4 

60 

236 

284 

79 

— 127 

Steg 

11 

192 

204 

216 

78 

- 90 

01 

2 

32 

198 

204 

189 

-195 

Stop 

3 

56 

217 

274 

77 

—134 

Has 

2 

40 

208 

206 

86 

- 84 

Ve 

1 

24 

221 

182 

144 

-105 

Rc 

2 

44 

00 

273 

112 

-137 

Ro 

1 

16 

201 

232 

177 

—208 

T(> 

1 

20 

216 

307 

76 

-167 

Be 

1 

20 

213 

274 

65 

-126 

ftn 

5 

104 

245 

247 

134 

—136 

MeC 

1 

20 

261 

280 

237 

-256 

Svv 

1 

20 

261 

150 

171 

- 60 

On 

1 

20 

261 

233 

100 

- 72 

To 

5 

108 

195 

89 

210 

—104 

Hal 

1 

20 

225 

185 

175 

-135 

Le 

1 

20 

225 

196 

28 

-h 1 

MeB 

1 

20 

281 

256 

172 

—147 
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of the low-calcium periods for each man, ranging from 1 to 
11, and from 16 to 192 days. For twelve of the nineteen sub- 
jects, the fecal calcium exceeded the intake, and for seventeen 
of the subjects, the fecal calcium exceeded the urinary cal- 
cium. For eight of the subjects, the urinary calcium averaged 
less than 100 mg daily, but for six of them, it approximated or 
exceeded the fecal calcium. These relations testify to the 
prominence of individuality within this group of men with 
reference to path of excretion of ingested calcium. The cal- 
cium balances are not inversely correlated with the fecal cal- 
cium, and for this and other reasons to be developed in the 
following paper, the authors do not believe that fecal calcium 
is entirely, or even largely, composed of ingested calcium that 
has escaped absorption from the gastro-intestinal tract. 

The standard deviation of the 212 4-day calcium balances 
about the means for their respective subjects was 46..3 mg per 
day. This value measures the functional variability of the sub- 
jects while subsisting on essentially the same low-calcium diet. 
It does not include the variation existing among diffei ent sub- 
jects, a variation that seems impossible to assess surely from 
these data, because of the lack of any rational method of cor- 
recting calcium balances either for differences in calcium 
intake or for differences in size of subject. If these differences 
may be neglected as possessing only minimal effects within the 
ranges of calcium intake and body size prevailing, the stan- 
dard deviation of the nineteen average calcium balances is 
57.2 mg per day, the average balance being — 125 mg per day. 

These standard deviations express in a quantitative fashion 
the great variation existing within the same individual, but 
particularly among different individuals, in the disposal 
of a low level of dietary calcium, in the utilization of 
dietary calcium in the sparing of body calcium, and possibly 
in the rate of the endogenous excretion of calcium. It will be 
noted in particular that subject Le for a period of 20 days 
was in calcium equilibrium on an intake of 225 mg per day. 
In contrast, subject McC, somewhat larger than I.e but with 
a calcium intake also 36 mg larger daily, exhibited a negative 
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balance of 256 mg daily, again ovei' a 20-day period. These 
extremes in balance deviate from the mean balance for all sub- 
jects by only slightly more than twice the standard deviation 
of 57 mg, and hence they must be considered as resulting mere- 
ly from a random combination of uncontrolled factors oper- 
ating throughout the entire group of subjects. 

The balance data secured at the higher levels of calcium 
intake, averaging 545 mg daily, have been pooled together 
for each subject, regardless of the nature of the supplemental 
calcium. We have felt justified in doing this, because an in- 
tensive study of the data has not revealed any statistically 
significant differences in utilization of the different supple- 
ments of calcium, that is, differences in their sparing effects 
on body calcium, possibly due in part to the great variation 
in metabolic performance of the human organism. In support 
of this .statement, the following average percentage utiliza- 
tions for the various supplements may be cited : 

Milk alone, 34% in 24 tests; milk -f sodium citrate or citric 
acid, 34% in 13 tests; milk heated to 160°F. for .30 minutes, 
35% in 4 tests ; milk -f- sodium alginate, 29% in 3 tests; dried 
milk, whole or defatted, 19% in 6 tests; milk -{- orange juice, 
34% in 4 tests; soft curd milk (base-exchange), 29% in 9 
tests; homogenized milk, 24% in 4 tests; calcium citrate, 30% 
in 5 tests ; and calcium gluconate, 25% in 4 tests. 

It may be thought that the calcium in the dried milk pre- 
parations was definitely less well utilized than that of the 
other supplements. However, the average of 19 is derived 
from six determinations, two of which were abnormally low, 
one, in fact, being negative. If these two values are disre- 

* The calculation of a percentage utilization of calcium may be illustrated 
from the following data for subject Step: 

Low-calcium period 217 mg Ca intake —134 mg Ca balance 

Same plus milk and 

Na citrate 458 mg Ca intake — 57 mg Ca balance 

DiflCerences 241 mg Ca 77 mg Ca 

(77 -J- 241) X 100 = 32% utilization. 



414 


F. B. STEGOBRDA AND H. H. AHTCHELL 


garded, the average becomes 28. The results on the soft curd 
(base-exchange) milk confirm those of Hess et al. (’40) on 
infants. 

Considering all supplemental sources of calcium as statis- 
tically indistinguishable in adult human metabolism, the stan- 
dard deviation of the 308 4-day calcium balances at the higher 
level of intake, about the means for their respective subjects, 
was 59.5 mg per day, a value that measures the functional 
variability of the subjects while subsisting on a level of cal- 
cium approximating that required for equilibrium. A similar 
standard deviation relating to the percentage utilizations is 
9.85%. The latter value refers, however, not to 4-day periods, 
but to the periods averaging about 20 days in length, employed 
in the determination of calcium utilization. Evidently, with 
a standard deviation of this magnitude, it would be difiicult 
to establish the reality of a difference in calcium utilization in 
the same subject of less than 18.5 percentage units (P==.030), 
using a test period of 20 days. With a number of subjects, 
rather than one, this critical difference would be diminished 
in proportion to the square root of the number used. 

The pooled data for each of the nineteen subjects for cal- 
cium metabolism at the higher level of intake, together with 
individual estimates of calcium utilization and of calcium re- 
quirement for equilibrium, are summarized in table 3. The 
average utilization of calcium, computed according to foot- 
note 2, is 31.6. This value would relate to a diet in which 
about 60% of the calcium is provided by milk, or by calcium 
salts approximately as well utilized in adult metabolism as 
the calcium of milk. The standard deviation of individual 
utilization percentages is 7.36, and the coeflScient of variations, 
23.3%. The mean value of 31.6% is very nearly the same as 
that previously reported (Steggerda and Mitchell, ’41) for a 
group of nine men, three of whom were included in the present 
study. The average calcium utilization reported in the 
prior study was 29%. 



TABLE 3 

Calcium utilization and indicated requirements at borderline levels of intake. 
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The indicated calcium requirements, computed as in a pre- 
vious publication (Steggerda and Mitchell, ’41)® averaged 
644 mg per man per day, with a standard deviation of 181 mg. 
These daily requirements were each expressed per kilogram of 
body weight, per m® of body surface, and per basal calorie in an 
attempt to eliminate the effect of variable body size. The mean 
values obtained were 9.21 mg of calcium per kilogram of body 
weight, 343 mg per m®, and 0.366 mg per basal calorie. How- 
ever, it is worthy of note that the coefficients of variation were 
the same (about 28%) for all practical purposes, whether 
the values per subject, or per unit of weight, surface, or basal 
metabolism arc considered. In other words, these attempts 
to eliminate the effect of variable body size were unsuccessful. 
We do not think, with Leitch (’37), that this means calcium 
requirements bear no relation to body size. This to us is incon- 
ceivable. Rather, it probably means that other factors are so 
much more potent in causing variation in calcium metabolism 
as to completely obscure the effect of variable body size. 

The calcium requirements summarized in table 3 may be 
compared with others obtained in a similar fashion and relat- 
ing also to diets whose calcium contents are derived predom- 
inantly from dairy products. Such comparisons are assembled 
in table 4. 

The values for the average total daily requirement of cal- 
cium in the four experiments compared exhibit a truly re- 
markable agreement, being grouped closely about the grand 
average of 653 mg. Reduced to the per kg and to the per 
m® basis, this total requirement becomes 9.99 mg and 365 mg, 
respectively. In good agreement also is the average of 9.75 
mg of calcium per kilogram of body weight per day computed 
by Mitchell and Curzon (’39) from selected experiments in 
the older literature. As in the experiment reported in this 

* An illrstration of the method of computation may be taken from subject Ne. 
On the basal diet containing 229 mg of calcium daily, the average calcium balance 
was —99.0 mg. With an average utilization of calcium of 19.4 % for this man, the 
negative balance would be wiped out on feeding 99.0 -f* .194 ^ 510 mg addi- 
tional calciiun, or a total of 229 -f 510 = 739 mg daily. 



Comparison of average daily calcium requirements in different experiments, determined by the same method with diets con- 
taining 5S to 71% of their calcium in milk or equivalent products. 
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Disregarding the variation among the mean results in each experiment. 
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paper, the variation in individual requirements is about 22%, 
and is essentially the same for all three methods of expression. 

The average daily calcium requirement for equilibrium of 
adult humans of 10 mg per kilogram seems to be well estab- 
lished by the experiments cited in this paper for individuals 
of the economic and social class studied, i.e., college students 
and staff members. It would seem to be a safe value to use 
in the planning of diets containing an average proportion of 
calcium from dairy products for groups of individuals. For 
such oases, there is no good reason for boosting the value of 
any arbitrary “margin of safety,” any more than there is for 
a requirement of food energy. Apparently, the only good rea- 
son for incorporating a “margin of safety” in one case but 
not in the other, is that, with calcium, as contrasted with 
energy, an excess intake above the requirement can be toler- 
ated without detriment to the nutriture of the individual 
and with no great strain on any physiological mechanism. In 
the dieting of individuals, a daily intake of 10 mg of calcium 
per kilogram of body, weight would be more than enough 
for some and not enough for others. It is not improbable, 
however, that the latter group, in the course of time, could 
adapt themselves to the average intake of calcium. It would 
seem improvident and even impractical, to feed all adults 
a level of calcium that would cover the needs of practically 
all individuals, say all but 1 in 100. This would require an 
excess above the average of 2.33 times the standard deviation, 
or a total of 15.13 mg per kilogram of body weight per day, 
or 1.06 gm per day for a 70-kg man. To cover the needs of 
aU but 1 in 50, the total intake of calcium should be 14.51 mg 
per kilogram per day, or for 70-kg man, a total intake of 1.01 
gm per day. 

In Judging the adequacy of the calcium nutrition of a group 
of men, and even more so of an individual, an average re- 
quirement of calcium is of little value in itself. The variation 
to which it is subject, of the order of 22% in terms of the co- 
efficient of variation is sufficient indication of its unreliability. 
Added to this uncertainty, is the random error to which a 
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coefficient of variation is subject. A coefficient of 22 obtained 
from a sample of 43, has a standard deviation of 2.48 (Daven- 
port and Ekas, ’36, p. 37). The probability of a considerable 
power of adaptation in coping with an initially inadequate 
calcium intake (Mitchell, ’44; Kraut and Wecker, ’43) must 
also be reckoned with. These considerations would indicate 
that a mere determination of the calcium intake of an indi- 
vidual or a community, no matter how carefully it may be ac- 
complished, cannot in itself establish a condition of calcium 
under-nourishment in the adult. It may, however, afford sup- 
porting evidence in conjunction with clincal or laboratory 
findings indicative of a progressive osteoporosis or some 
other symptom that can logically be associated with an inade- 
quate level of dietary intake. 

SUMMABY and CONCLUSIONS 

The results of calcium metabolism studies on nineteen men, 
designed to afford information on the utilization of the cal- 
cium in diets containing milk products, or equally available 
calcium salts, to furnish about 60% of the total calcium in- 
take, and the daily requirements of calcium, are reported in 
this paper. The diet periods averaged 20 days in length and 
a total of seventy-five such periods are considered in this 
report. The data appear to support the following conclu- 
sions : 

1. The calcium of the experimental diets was on the aver- 
age utilized to the extent of about 32% in the prevention of 
endogenous losses. The coefficient of variation of this average 
value is 23.3%. 

2. The heating of milk to 160°F. for 30 minutes, the homog- 
enization of milk, the addition of sodium alginate, citric acid 
or citrates in moderate amounts, the preparation of a soft curd 
milk by base-exchange, produced no demonstrated change in 
the utilization of its content of calcium. 

3. The average calcium requirement of the adult human 
indicated by these experiments is 644 mg daily, or 9.21 mg per 
kilogram of body weight per day, or 343 mg per m® per day. 
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the coefficients of variation being, respectively, 28.1, 29.4 and 
27.3. 

4. The effect of body size on calcium requirements in 
adults, for a moderate range in size, is insignificant in com- 
parison with other causes of variation. 

5. In conjunction with other experiments of similar na- 
ture, involving a total of forty-three subjects, a good average 
value for the calcium requirement of adult men and women 
of a nutritional status representative of college students and 
staff members, subsisting on diets containing dairy products 
to furnish from one-half to two-thirds of the calcium content, 
is 10 mg per kilogram of body weight per day. This average 
is associated with a coefficient of variation of 22 ± 1.7. 

6. Such an average is of value in the planning of diets, 
but of only subsidiary value in forming decisions as to the 
prevalence of calcium undernutrition in a community. Only 
in association with clinical or laboratory findings of symp- 
toms indicative of a progressive draining of minerals from 
the bony structures, or the soft tissues of the body can a 
marked deficit of intake below an average requirement of cal- 
cium implicate this essential nutrient. The great variability 
exhibited by the human organism in its disposal of dietary 
calcium, involving, probably, a marked ability to adapt itself to 
wide ranges in calcium supply, is responsible for this situation. 
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The literature oil factors atfecting the utilization of dietary 
calcium in the animal body is peculiarly conflicting, whether 
one considers the effect of intestinal reaction, fat, fiber, phytic 
acid or lactose. Citric acid, also, is no exception to this 
statement. Among many other organic acids, it is very com- 
pletely oxidized in the body (Lanford, ’42 b; Metcalf and 
Hathaway, ’4o). It is a normal constituent of bone (Dickens, 
’41; Class and Smith, ’43). The blood citrate may constitute 
n physiological mechanism for the removal of calcium 
(Lansing and Scott, ’42) and lead (Kety, ’42) from the tissues 
and their excretion in the urine (Shorr et al., ’42). Cattle 
and rabbits given sodium citrate intravenously, or by stomach 
tube, have been observed to increase their output of calcium 
in the urine (Marek, Wellmann and Urbanyi, ’42). 

Dietary citrates (Hamilton and Dewar, ’37), or a mixture 
of citric acid and citrates (Shohl, ’37 ; Shohl and Butler, ’39), 
have been found beneficial in the prevention or treatment of 
rickets, but Day (’40) claims that, in the rat at least, these 
beneficial effects do not develop unless there is a high calcium 
to phosphorus ratio in the diet, and appreciable quantities of 
phytin or perhaps other phosphorus-containing complexes of 

' This investigation was aided by funds contributed to the T^niversity of Illinois 
by the Nutrition Foundation^ Inc, 
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low biological availability: Hathaway and Meyer ( ’39), work- 
ing with rachitic rats and large doses of citrates equivalent 
to over 10% of the diet, claimed special potency for potassium 
citrate over the sodium salt, and failed to confirm a need 
of a mixture of citrates with citric acid. 

In normal animals and children, the effect of citrates on 
calcium metabolism has not been clarified by available infor- 
mation. Chaney and Blunt (’25) reported that in two girls, 
10 and 11 years old, calcium assimilation was decidedly bene- 
fited when 600 to 700 ml of orange juice formed a part of the 
diet, but the general nutritional benefits in increased weight 
and nitrogen retention following the incorporation of orange 
juice in the diet suggest that other factors than citric acid 
w6re operating. Lanford ( ’39) has reported similar, though 
not so marked, effects of orange juice on calcium assimila- 
tion in the growing rat, but in later experiments ( ’42 a), doses 
of citric acid and potassium citrate equivalent to those con- 
tained in the amounts of orange juice fed, were without 
appreciable effect upon calcium retention. Also, Mallon and 
Lord ( ’42) observed no favorable effect of lemon juice on the 
calcium retention of growing rats, although lemon juice con- 
tains six times as much citric acid as orange juice (Hartmann 
and Hillig, ’34). Watson, McGuire, Meyer and Hathaway 
( ’45) failed to observe any demonstrable effect of either 
orange juice, ascorbic acid or potassium citrate (3.38 gm 
daily) on the calcium retentions of eight pre-school childicn 
in experiments extending over 16 w’eeks. 

The low efficiency with which the human organism, and 
especially the adult organism, assimilates dietary calcium, 
even when milk provides two-thirds of the calcium consume*!, 
as exemplified in the preceding paper, is a challenge to nutri- 
tional investigators to uncover some dietary expedient by 
which this efficiency can be raised. Even though the evidence 
adduced in support of a not uncommon belief that a con- 
siderable proportion of the American people are subsisting 
upon borderline or inadequate levels of dietary calcium is 
not compelling, the practical usefulness in special and emer- 
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gency situations of some method by which a greater propor- 
tion of food calcium than the usual 20 to 40% can be put at 
the disposal of the tissues, is obvious. The present report is 
the first attempt of the authors to find such a method and 
wliile the results are not encouraging, they seem worth re- 
porting. Some of their implications with reference to certain 
phases of calcium metabolism seem clear. 

EXPERIMENTAL METHODS 

The experiments were carried out upon seventeen of the 
nineteen subjects described in the preceding article. The 
technic of feeding, collecting of excreta, and chemical analysis 
was the same as previously described, except as the special 
purposes of these studies imposed special departures. The 
metabolism periods were 4 days in length and, on any one 
dietary regime, there were usually fiv^e such consecutive 
jieriods. The basal low-calcium diets were practically the 
same as those used in the earlier experiments. The effect of 
citric acid, sodium citrate, potassium citrate and orange juice 
upon the assimilation of the calcium in the basal diet and in 
the basal diet plus milk was studied, as well as the residual 
effects of these supplements in periods subsequent to their 
discontinuance. Some information was obtained also on the 
utilization of the calcium in calcium citrate as compared with 
that of calcium gluconate. The calcium in the latter compound 
has been shown to be as well utilized as that of milk (Steg- 
gerda and Mitchell, ’39). 

EXPERIMENTAL RESULTS 

The tests of the utilization of calcium citrate and of calcium 
gluconate yielded the data presented in table 1. In this table 
will be found the excess calcium consumed over that con- 
tained in the basal low-calcium diet, together with the improve- 
ment in calcium balance brought about by the calcium salt 
supplement, both expressed in milligrams per day. These 
data are averaged for each salt, and the utilization computed 
by dividing the improvement in balance by the increase in 
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intake and multiplying by 100. The average atilization is 
30 for the citrate salt and 25 for the gluconate. The difference 
cannot be considered significant because of the fewness of 
the data and their variability. 

In table 2 are assembled the data secured when potassium 
citrate, 9 gm daily, or a mixture of potassium citrate, 4.5 gm 
daily, and citric acid, 4.5 gm daily, was added to the basal 
low-calcium diet to see whether these supplements would 
alter the output of dietary calcium at this low level, or would 


TABLE 1 

The utilisation of the oaloium in the citrate and gluconate salts. 
Average daily data. 


SUBJECT 

liENQTH 

EXCESS OVER BASAL 

OF TEST 

Intake 

Balance 


days 

mg 

mg 


Calcium citrate 


8ll 

20 

+ 301 

+ 69 

8n 

20 

+ 326 

+ 148 

To 

20 

+ 152 

■f 21 

Hal 

20 

+ 326 

+ 112 

Le 

20 

+ 196 

+ 39 

• Averages 


+ 260 

+ 78 


Calcium gluconate 


Sn 

20 

+ 299 

+ 19 

Sn 

20 

+ 360 

+ 89 

Hal 

29 

+ 360 

+ 103 

Lc 

20 

+ 171 

+ 90 

Averages 


+ 297 

+ 75 


UTIIilZATIOK 


30 


o.T 


change the balance of calcium. However, no consistent effect 
6f the citrate ion is revealed by these studies. For the three 
subjects receiving the combination, the calcium balance 
averaged — 104 mg daily before the addition, and — 101 mg 
daily after the addition. For the two subjects receiving the 
potassium citrate supplement alone, the balances averaged 
— 124 mg before dosage, and — 128 mg during the 20-day 
dosage period. 
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When either sodium citrate or citric acid was added to milk 
consumed in such amounts as would induce slight negative 
balances of calcium, or at most very slight positive balances, 
the utilization of calcium was not appreciably or consistently 
affected. The evidence for this statement will be found in 
table 3. The average utilization percentages for milk alone 
and for milk plus sodium citrate for nine subjects averaged 

TABLE 2 

The effect of potasHum citrate and citric acid on the utilhation 
of calcium in the basal diet. 



Kesults expressed in 

milligrams per day per 20-day period. 



SVPPLiSlCBKTg TO 


OALOIUM METABOLISM 



BASAL DIBT 

Intake 

Feces 

Urine 

Balance 

Steg 

None 

216 

222 

106 

— 112 


Potassium citrate ' 
Potassium citrate 

209 

231 

00 

— 82 


plus citric acid 

207 

249 

65 

— 107 

Step 

None 

213 

267 

83 

— 137 


Potassium citrate ' 
Potassium citrate 

216 

276 

56 

— 116 


plus citric acid ‘ 

222 

279 

93 

— 150 

Has 

None 

Potassium citrate 

204 

190 

78 

— 64 


plus citric acid * 

211 

223 

92 

— 104 


' 9 gin daily in three equal portions at meals. 

‘ 4.5 gm of each daily in three equal portions at meals. 


the same, namely, 32. For four subjects receiving milk alone 
and citric acid milk in adjacent periods, the percentage utili- 
zation also averaged the same, 25. 

Although the citrate ion, in the amounts used, does not 
appear to modify appreciably the disposal within the adult 
human body of moderate levels of dietary calcium, throughout 
a 20-day period, when the dosage is discontinued the metabo- 
lism in subsequent periods may be markedly disturbed, as 
the data in table 4 demonstrate. In the 40- to 56-day interim 
between the first and the second citrate period, the calcium 
metabolism of subject Bo was not greatly affected, except 
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for a tendency for fecal calcium to decrease and for urinary 
calcium to increase at a somewhat greater rate. But for sub- 
jects Te, Steg, and Be, the balances became definitely less 
negative or more positive, generally due to a decreasing out- 
put of calcium, following an initial increase for two of the 
three men. Of particular interest is the large out-pouring of 

TABLE 3 

Vtxlieaiion of the calcium of milk consumed alone, and, in an adjacent peiunl, 
with sodium citrate or citric add, SO^day periods except as indicated. 


SUBJKCT 

MILK 

ALONK 

MILK PLUS 
SODIUM 
CITBATK 1 

MILK 

ALONE 

MILK PLUS 
CITRIC 
ACID * 



% 

% 

% 

8teg 

Steg 

Steg 

Ye 

22 

8 

20 

31 

23 

36 

17* 

19 

Sc 

;j6 

26 



Sc 

67 

35 



McB 

44 

39 



Be 

0 

28 



Ro 

29 

31 



Te 

58 

35 



Ne 


, , 

18 

27 

01 


, , 

40 

29 

Fo 


•• 

27 * 

27 

Averages 

32 

32 

25 

25 


^ 0 gm sodium citrate daily, given in capsules distributed evenly among the 
.'1 meals. 

*0.27% citric acid in the milk. 

*ie-day period. 


calcium in the feces in the last low-calcium period for each of 
the four subjects, following the second citrate-feeding period. 
Comparing the final low-calcium period with the initial low- 
calcium period in this sequence of experiments for each sub- 
ject, the daily fecal calcium increased. 56, 89, 76, and 77%, 
for the four subjects in the order in which they are listed in 
the table. In assessing the significance of these increases, it 
should be remembered that the feces of successive 4-day 
periods were marked off with carmine, and that the data for 
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TABLE 4 

The effect of sodium citrate on calcium metabolism in periods 
subsequent to its administration. 


SirpPIiKMKNTS TO 
Low*cAi<onric 

BASAL niST 

LENGTH 

OP 

PEBlOn 


DAILY CALCIUM METABOLISM 

INDICATED 
UTILIZA- 
TION 1 

Intake 

Feces 

Urine 

Balance 


itnf/M 

Wff 

mn 

rnu 

mg 

% 


Subject Ho 





None 

16 

201 

232 

177 

1 

o 

QC 


Milk H- Na citrate 

20 

516 

443 

184 

—■111 

31 

Milk 

2(1 

504 

430 

195 

— 121 

29 

Milk 

20 

484 

412 

256 

— 184 

8 

Milk 

16 

494 

349 

254 

— 109 

34 

Milk -f Na citrate 

16 

498 

415 

210 

— 127 

27 

None 

16 

158 

362 

183 

— 389 



Subject Te 





None 

20 

216 

307 

76 

— 167 


Milk -f" citrate 

20 

498 

467 

98 

— 67 

35 

Milk 

20 

517 

444 

65 

+ 7 

58 

Milk 

20 

496 

424 

78 

— 6 

58 

Milk -f Na citrate 

16 

492 

310 

73 

-f 109 

100 

None 

6 

264 . 

581 

54 

— 371 


Subject Steg 





None 

16 

219 

208 

81 

— 70 


Milk -f Na citrate 

20 

518 

390 

129 

— 1 

23 

Milk 

20 

493 

445 

96 

— 49 

8 

Milk 

20 

517 

352 

101 

4- 64 

45 

Milk 

16 

524 

362 

83 

-h 79 

49 

Milk -f Na citrate 

16 

494 

324 

86 

-f 84 

56 

None 

15 

192 

366 

72 

— 246 


Subject Be 





None 

20 

213 

274 

65 

— 126 


Milk -f- Na citrate 

20 

532 

466 

103 

— .3() 

28 

Milk 

20 

535 

534 

128 

— 127 

0 

Milk 

20 

502 

408 

93 

-f i 

44 

Milk 

8 

537 

310 

92 

-f 135 

81 

Milk 4- Na citrate 

16 

512 

396 

75 

-f 41 

56 

None 

16 

207 

485 

68 

— 346 



* Computed on the basis of the first low-calcium period for each subject. 
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any 4-day period following a change in experimental treat- 
ment was disregarded if they were out of line with the data 
of the subsequent periods on the same diet. The calcium 
balances for all subjects were much more negative in the final 
low-calcium period than in the initial. The significance of 
these findings will be discussed later. 

A daily supplement of 500 ml of orange juice (table 5) to the 
diets of four subjects, definitely depressed the utilization of 
milk calcium in subject Sw, an effect that persisted, apparently, 
for at least 40 days after the supplement was discontinued. 
In subjects Steg, Sn and To, the orange juice exerted little 
if any effect during the period of administration, but a more 
or , less clear disturbing effect subsequently. This delayed 
effect was most pronounced with subject Sn, in whom the 
orange juice appeared to have induced a reduction in both 
fecal and urinary calcium extending over 72 days, so that 
the indicated utilization of milk calcium, computed on the 
basis of the first low-calcium period, was fictitiously high. 
This effect continued through a final low-calcium period. A 
similar reaction to orange juice, though not by any means so 
pronounced, was observed for subject To. The data for sub- 
ject Steg extended over only one post-orange-juice period, 
but, such as they are, they indicated a depression of calcium 
utilization. For the three subjects for whom the sequence of 
experiments terminated in a low-calcium period, the calcium 
balance for the final period was much less negative, or in one 
case actually positive, as compared with the initial low- 
calcium period. This effect is just the opposite to that ob- 
served after citrate administration (table 4). 

DISCUSSION 

The experiments reported in this paper agree with most 
of the published evidence on normal, animals and children 
in finding no effect of the citrate ion on calcium metabolism 
during a period of daily administration lasting 20 days. Also, 
calcium citrate does not seem to be clearly distinguished from 
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calcium gluconate or from milk in the utilization of its calcium 
by adult man. 

However, after daily administration of citrates has ceased, 
profound effects upon calcium metabolism may ensue in sub- 
sequent periods. At approximately the same level of calcium 
intake, but especially on a low-calcium intake, a greatly in- 
creased output of calcium will generally occur, in feces or 
urine or both. Following this outpouring of calcium from the 
body, a reverse tenden^r may set in, to such an extent that 
the apparent utilization of calcium, computed on the basis of 
a low-calcium period just prior to citrate administration, may 
reach 80, or even 100%. However, for the entire sequence of 
experiments for each of the four subjects on this test (table 4), 
tlie total utilization of dietary calcium is not appreciably 
affected if consideration is given to the extra calcium excreted 
in the final, as compared with the initial, low-calcium period. 
If attention be restricted to the three subjects showing most 
distinctly the delayed effect of citrates above described, the 
uncorrected utilization percentages average 46, and the cor- 
rected percentages, 31. 

These delayed effects of the citrate ion, extending over 
40 to 60 days, can hardly relate to events occurring in the 
digestive tract, the contents of which are continually being 
removed and replaced from successive ingestions of food. 
Rather, they would seem to relate to metabolism and to 
cumulative effects of the citrate ion. The initial outpouring of 
calcium in the urine, but particularly in the feces, following 
a period of citrate administration, is in harmony with the 
observations of Gomori and Gulyas (’44), Lansing and Scott 
(’42), Shorr et al. (’42), and Marek, Wellmann and Urbanyi 
(’42), except that these reports are concerned only with an 
increased output of calcium in the urine during a period of 
citrate dosage. The subsequent decrease in calcium output 
observed in our experiments, and in fact the entire picture 
of the delayed effect of the citrate ion on calcium metabolism, 
has no counter-part in anything we have found in the litera- 
ture. It is hard to visualize on the basis of available informa- 
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tion the means by which these delayed etfects are mediated. 
The most obvious inference is that during a period of citrate 
administration, citrate is stored in the body, later to be slowly 
released over a considerable period of time. Its effect on 
metabolism during the period of storage may be minimal if 
the storage tissues withdraw the citrate ion more rapidly 
from the blood stream than do the tissues subject to the meta- 
bolic influence of the ion. On discontinuance of the dosage, 
the storage tissues may release the ion for action elsewhere, 
the situation being somewhat analogous, perhaps, to the 
storage and release of the lead ion by the skeleton. In the 
case of citric acid, some 70% of the body’s stores is said to 
be located in the skeleton (Dickens, ’41), and these stores do 
not ^em to be increased by citrate feeding (Leonards and 
Free, ’44). These facts, if applicable to the adult human body, 
do not aid in explaining the delayed effects of the citrate ion 
on calcium metabolism. 

The orange juice effect on calcium metabolism, illustrated 
by the data in table 5, is somewhat similar to the citrate effect 
for subjects Sn and To, but not for the other two men. In 
particular, there is no outpouring of calcium in the feces in 
the final low-calcium periods. 

The observations reported in this paper bear upon the 
validity of a relatively new theory of calcium metabolism 
associated particularly with the names of McCance and 
Widdowson. Impressed by the fact that intravenous injections 
of calcium gluconate into normal subjects over a period of 
2 weeks, in daily amounts equivalent to 186 mg of calcium, 
produced a rapid increase in urinary calcium but no de- 
tectable increase in fecal output of calcium, these investi- 
gators ( ’39) deduced the general conclusion “that the intestine 
does not normally excrete calcium ... in amounts which are 
functions of plasma levels or metabolic requirements.’’ This 
conclusion has been broadened still further into the belief 
that fecal calcium for all practical purposes consists entirely 
of calcium unabsorbed from that taken by mouth with the diet 
(McCance and Widdowson^ ’42). The fact, for example, that 
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TABLE 5 

The effect of orange juice on calcium metabolism in periods 
subsequent to its administration. 


SUPPLEMENTS TO LENGTH DAILY CALCIUM METABOLISM INDICATED 

LOW-CALCIUM OF UTILIZA- 

BASAL DIET PERIOD Intake Feces Urine Balance TION ‘ 



dni/« 

mp 

mp 

mp 

mp 

% 

Subject Steg 






None 

20 

167 

231 

58 




Milk 

20 

500 

412 

89 

— 1 

36 

Milk -r orange juice ® 

20’ 

488 

428 

75 

— 15 

33 

Milk 

20 

432 

433 

84 

— 85 

14 

None 

16 

199 

217 

65 

— 83 


Subject 8n 






None 

20 

261 

280 

182 

— 201 


Milk 

24 

625 

479 

164 

— 18 

50 

Milk + orange juice 

20 

742 

553 

152 

-f 37 

49 

Milk 

20 

657 

468 

129 

-f 60 

66 

Milk 

20 

639 

405 

130 

-h 104 

81 

Milk 

12 

664 

523 

127 

-f- 14 

53 

Chocolate milk * 

20 

632 

430 

117 

-f 89 

78 

None 

20 

270 

217 

100 

— 47 


Subject To 






None 

36 

192 

86 

210 

— 104 


Milk 

20 

453 

190 

273 

— 10 

27 

Milk -f orange juice * 

20 

490 

211 

206 

-f 73 

43 

Milk 

20 

418 

134 

186 

+ 98 

57 

Cliocolate milk * 

20 

396 

153 

155 

-f 88 

44 

None 

20 

to 

87 

99 

+ 31 


Subject Sw 






None 

20 

261 

150 

171 

— 60 


Milk 

24 

371 

197 

191 

— 17 

40 

Milk -f orange juice 

20 

481 

309 

220 

— 48 

5 

Milk 

20 

401 

247 

277 



— 45 

Milk 

24 

386 

250 

262 

— 126 

— 52 


' Computed oil the basis of the first low-ciilcium period for each subject. 

^ 500 ml daily. 

* In unpublished experiments on 8 adult human subjects, in cooperation with tlie 
Department of Home Economics, it was shown that chocolate in the amounts used 
ill the preparation of chocolate milk, has no appreciable effect on the utilization 
of milk calcium. 
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an increase in protein intake of healthy adults will decrease 
the output of calcium in the feces and increase that in the urine 
has been interpreted to mean that amino acids resulting from 
protein digestion will increase the solubility of dietary calcium 
and thus its absorbability from the intestinal tract (McCance, 
Widdowson and Lehmann, ’42). On the basis of such evidence, 
Hall and Lehmann ( ’44) have proposed the use of a calcium 
peptone powder to increase calcium absorption in hospital 
patients. 

This broad interpretation of observations made under 
specific sets of experimental conditions is not justified and 
neglects entirely many observations of contrary significance 
made under other sets of experimental conditions. It dis- 
regards the well-established fact that the intestinal mucosa 
possesses more than a one-way permeability. Water and 
chlorides (Goldschmidt and Dayton, ’19) and urea (Pendleton 
and West, ’32) pass freely from the blood into the lumen of 
the alimentary tract xmder certain conditions. Bergeim ( ’26), 
by his method of detecting areas of absorption and areas of 
excretion in the tract, demonstrated clearly that, under cer- 
tain conditions, calcium will pass from the blood to the interior 
of the intestine, an observation that has been confirmed by 
French and Cowgill (’37) and by Longwell in unpublished 
observations from this laboratory. In a more recent report, 
Greenberg (’45) has shown that, under his experimental con- 
ditions, 18.0 to 18.5% of an injected dose of radioactive 
calcium could be recovered from the feces. Possibly this 
effect is mediated through the bile (Greenberg and Troescher, 
’42). 

The acidic or basic-character of the diet undoubtedly is one 
condition that determines to what extent absorbed calcium 
will be excreted through the intestinal walls and be voided 
with the feces. The reports of Zucker (’21) and of Bogert 
and Kirkpatrick ( ’22) show that acidic diets divert absorbed 
calcium to the urine, while alkaline diets divert absorbed 
calcium to the feces, often with little disturbance of the bal- 
ance of calcium in the body. Farquharson, Salter and Aub 
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(’31) showed that the tendency of a high-protein diet to 
divert absorbed calcium to the urine because of its acidic 
character could be obviated by simultaneous ingestion of 
NaHCOg, both with a low-calcium and a moderate-calcium 
diet. In animals, such as the rabbit or the dairy cow, whose 
rations are habitually alkaline after oxidation, the urine con- 
tains very little calcium (Forbes et al., ’22), but when given 
acid, the urinary output of calcium may increase enormously, 
while the fecal output decreases proportionately (Granstrom, 
’08). 

The literature cited is only a sample of the evidence that 
could be marshalled against the contention that fecal calcium 
is unabsorbed calcium. It is true that much of this evidence 
is not conclusive, because it is subject to two interpretations, 
either the obvious one given to it in the above discussion, or 
the less probable one that the calcium in all potentially alkaline 
foods is less absorbable than that in potentially acid foods; 
or that acid ingested with the food always accelerates calcium 
absorption and that alkali depresses it. Some doubt has been 
cast upon the latter theory by Jones ( ’42). 

The data contained in table 4, however, are unequivocal in 
their significance. Here, in four adult human subjects, the 
prior feeding of sodium citrate has, in the final low-calcium 
period, increased the fecal calcium output over that in the 
initial low-calcium period, by 56, 89, 76 and 77%, respectively, 
on generally lower intakes of calcium. In this final period, the 
fecal calcium exceeded the intake by 129, 120, 91, and 134%. 
Whether this represents a diversion of calcium from urine to 
feces by the alkalinity produced in the body on the oxidation 
of the acid radicle of sodium citrate, or some more specific 
effect of the citrate ion, cannot be decided. Unfortunately, 
the pH of the urines was not followed in these series of ex- 
periments. But regardless of the explanation, the data show 
indubitably that calcium is passing in large amounts from 
the blood stream to the lumen of the gastro-intestinal tract 
and that under these conditions, fecal calcium is obviously 
much more than unabsorbed food calcium. 
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CONCLUSIONS 

1. Calcium citrate is approximately as well utilized by the 
adult human organism as is calcium gluconate. 

2. Neither potassium citrate, nor a mixture of potassium 
citrate and citric acid, appreciably modifies the utilization of 
the calcium in a basal low-calcium diet. 

3. The utilization in the adult organism of the calcium of 
milk is not appreciably or consistently modified by the simul- 
taneous ingestion of sodium citrate, citric acid or orange juice 
in considerable amounts. 

4. Sodium citrate and orange juice may induce profound 
disturbances in the calcium metabolism of adult men subse- 
(luent to a 20-day period of dosage, characterized genei'ally 
by a phase of increased retention of calcium, followed, or pre- 
ceded, or both, by a period of increased excretion. These 
changes are often beyond the limits of variation due to un- 
controlled experimental factors and seem clearly tr-aceable 
to the prior administration of the citrate ion. 

5. Following citrate administration, the calcium in the feces 
of subjects subsisting on a low-calcium diet may amount to 
over tAvice the calcium intake. This is merely another in- 
stance, of many cited, in which fecal calcium contains muclj 
more than unabsorbed dietary calcium. 
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CARBOHYDRATE IN THE DIET ON THE INCIDENCE 
AND EXTENT OF CARIOUS LESIONS ^ 

B. S. SCHWEIGERT, .TAMES H. SHAW,“ MARIE iZEPPLIN 
AND C. A. ELVEHJEM 

DepiDtment of Biochemistry^ College of Agriculture ^ 

Vniversity of Wisconsin, Madison 

(Received for publication October 15, 1945) 

A high incidence and extent of carious lesions occurred in 
tlie molars of cotton rats fed diets high in sucrose or other 
soluble carbohydrates (Shaw et ah, ’44, ’44 a; Schweigert et 
ah, ’45, ’45 a; Shaw et ah, ’45). A low incidence and extent 
were noted when sufficient fluorine was added to the sucrose 
control ration, or when dextrin and stock rations were fed. 
This work has been extended to a study of the effect of the 
amount of fat, protein and carbohydrate in the ration on the 
incidence and extent of the lesions. The effect of feeding milk 
diets has also been studied. The results of these exiieriments 
are reported in this paper. 

EXPERIMENTAL 

The procedures described by Schweigert et ah (’45) have 
been followed in weaning the animals, dividing litter mates 
between groups on experiment, and calculating the growth 

'Published with the approval of the Director of the Wisconsin Agricultural 
Experiment Station. Supported in part by grants from the Nutrition Founda- 
tion, Inc., New York, and from the National Dairy Council, Chicago. 

We are indebted to Abbott Laboratories, North Chicago, Illinois, for halibut 
liver oil; to Merck and Company, Rahway, New Jersey, for the crystalline P» 
vitamins; and to Wilson Laboratories, Inc., Chicago, Illinois, for the 1 : 20 
liver extract. 

* Now at Harvard School of Dental Medicine. 
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rates. The method of evaluating the incidence and extent of 
the carious lesions after the 14-week experimental period has 
been reported by Shaw et al. ('44, ’44 a). 

The composition of the sucrose control ration 802, medium 
and high fat diets (821 and 814), high protein-medium fat 
diet (822) and high protein ration (813) is given in table 1. 
Four per cent of 1 : 20 liver extract was added to all diets 
at the expense of the entire ration and adequate quantities 
of the B vitamins were provided (Mclntire, Schweigert and 
Elvehjem, ’44). Each rat received 1 drop of halibut liver oil 
per week. In rations 814, 821, and 822, the lard was added 
isocalorically at the expense of the sucrose, thus maintaining 
the same mineral-vitamin-energy relation. 

Whole liquid milk (fortified with iron, copper and man- 
ganese *) was fed to cotton rats as the sole source of food and 
water. 1:20 liver extract has been shown to increase the 
growth rate when added to purified rations (Mclntire et al., 
’44 ; Schweigert et al., ’45) without altering the incidence and 
extent of carious lesions (Shaw et al., ’44). Therefore, for 
some gi-oups, liver extract was homogenized into the milk at 
a level equivalent to 4% of the milk solids (0.5 gm of 1:20 
liver extract per 100ml of milk). A diet approximating the 
composition of milk solids (Rodgers, ’35) was fed to compare 
the incidence and extent of tooth decay with those observed 
when liquid milk was fed. The composition of this ration (815) 
is given in table 1. Adequate quantities of the B vitamins 
(Mclntire et al., ’44) were provided and 4% of 1:20 liver 
extract was added at the expense of the entire ration. 

BESULTS 

The growth rates of cotton rats for the first 6 weeks and 
for 14 weeks on experiment and the incidence and extent of 
tooth decay are shown in table 2. A difference in the suscepti- 
bility to tooth decay between offspring from different parent 
stock has been noted in earlier work (Schweigert et al., ’45 a) ; 

’One mg of iron and 0.1 mg of eopper and manganese were supplied daily to 
eaeh animal. 
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therefore, the incidence and extent of dental caries observed 
for each experimental group and also for the litter mate con- 
trols fed the sucrose basal ration are presented in table 2. 

The diets containing lard supported good growth, equal to 
that observed when the basal ration was fed. The growth 
rates when high protein diets were fed, also were similar to 
those observed for rats receiving the sucrose control ration. 
The growth rate observed when the rats were fed only 
mineralized whole milk was inferior to that observed when 

TABLE 1 


Composition of rations, 

(The amount of each constituent is expressed in terms of parts of the ration.) 


RATION 

802 

( srcBoss 

BASAL) 

918 

(HIGH 

PROTEIN) 

814 

(HIGH 

PAT) 

815 

(MILK 

SOLIDS) 

821 

( MKDIUM 
PAT) 

822 

(HIGH 

PROTEIN- 

MEDIUM 

PAT) 

Constituent 







Sucrose 

67 

41 

22 


44.5 

18.5 

Salts IV 

4 

4 

4 

5.4 

4 

4 

Casein 

24 

50 

24 

27.3 

24 

50 

Corn Oil 

5 

5 

1 5 

t 

5 

5 

Lard 


1 

20 

1 

10 

10 

Lactose 

1 



1 39 



Butterfat 




• 28.3 



Percentajfe of fat in 




1 



the protein, carbo- 




1 



hydrate and fat 







portion of the diet 

5.2 

5.2 

35 

30 

18 

18 


the control ration was fed. The addition of 4% of 1 : 20 liver 
extract to the milk increased the growth rate approximately 
2 gm per week for the first 6 weeks ; however, the growth rate 
was still not as rapid as when the control ration was fed. The 
milk solids ration (815) supported better growth than whole 
milk but was inferior to the control diet. Apparently the 
cotton rat cannot tolerate high levels of lactose in the diet 
since the g^rowth rate was retarded and a high mortality oc- 
curred when such rations were fed (table 2 and unpublished 



TABLE 2 

Effect of the level of fat and protein and milk diets on the incidence and extent of carious lesions. 
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* Six animuls were started in this graup, hut 3 failed to survive the 14-week experiment. 
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data). This fact has limited the amount of work that could 
be done with high lactose diets. 

The ingestion of diets containing additional fat (814 and 
821) resulted in a marked reduction in the caries occurrence. 
When 20 parts of lard were substituted at the expense of the 
sucrose, the average incidence and extent were 6 and 7 + 
and 3 and 4 + for the two groups, respectively. These figures 
are in contrast to the average incidence and extent of 33 and 
113 -|- and 31 and 91 +, respectively, which were observed 
when the sucrose ration was fed to their litter mate controls. 
An intermediate caries incidence and extent were noted, 13 
and 24 + and 13 and 29 +> respectively, when 10 parts of lard 
were substituted for sucrose in ration 821. Some reduction 
in the carious occurrence was noted when a 50% casein diet 
was fed (813), but when ration 822 was fed (10 parts of lard 
and 50 parts of casein) a further reduction in tooth decay 
was observed. The average incidence and extent of the lesions 
for the two groups when ration 813 was fed were 21 and 37 -|- 
and 11 and 24 +, respectively (table 2). When ration 822 was 
ingested an incidence of 1 and an extent of 1 were obtained. 

No cavities were observed in twelve animals that had been 
fed mineralized whole milk or mineralized whole milk plus 
1: 20 liver extract (table 2). In previous work when dextrin 
or stock rations were fed, a low incidence and extent were 
observed, but tlie protection was not as complete as when milk 
was fed. A low incidence and extent of tooth decay were 
noted when the milk solids ration (815) was fed. These re- 
sults were comparable to those observed when the high fat 
ration 814 was fed. 


DISCUSSION 

These data show some of the interrelationships between the 
level and kind of carbohydrate, the amount of protein and fat 
in the diet and the incidence and extent of carious lesions in 
the cotton rat. 

It has been found that partial caries protection was afforded 
when 50 parts of dextrin and 17 parts of sucrose were fed 
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in place of 67 parts of sucrose (Schweigert et al., ’45). When 
dextrin was fed as the sole carbohydrate, a very low incidence 
and extent of lesions were noted. However, the ingestion of 
ration 821 (44.5 parts of sucrose and 10 parts of lard) resulted 
in a greater protection than when the above dextrin-sucrose 
ration was fed. In fact, when ration 814 was fed (20 parts of 
lard and 22 parts of sucrose) almost complete protection was 
observed, in spite of the fact that this ration contained more 
sucrose than the dextrin-sucrose diet (1.42 times as much on 
a percentage basis). Therefore, the effect of fat appeared to 
be more pronounced than that of dextrin in reducing the 
caries incidence. 

The amount of tooth decay observed when ration 81.3 was 
fed' (50 parts casein and 41 parts sucrose) was much lower 
than when the sucrose control ration was fed. The added 
protein in this ration (26 parts) appeared to produce about 
the same reduction in the number and extent of cavities as 
the substitution of 10 parts of lard to the diet (ration 821) 
and a greater reduction than the substitution of 50 parts of 
the sucrose with dextrin. The additive effect of 50 parts of 
casein and 10 parts of lard in the diet (18.5 parts of sucrose) 
was observed when the results were compared with those on 
high protein or 10 parts of lard in the diet. The protection 
was comparable to that observed when 20 parts of lard and 
22 parts of sucrose were fed in ration 814. 

These results help to explain why milk afforded complete 
protection against dental caries in the cotton rat. Milk on a 
solids basis is a high fat ration and the ingestion of fat has 
been shown to markedly reduce the caries occurrence. The 
presence of lactose as the sole carbohydrate in milk and a 
slightly higher level of protein may also have contributed to 
•the low caries incidence observed. 

Becks and coworkers ( ’44) have shown that a marked re- 
duction in the frequency of dental caries in human subjects 
occurred when the intake of refined carbohydrates was re- 
duced by replacement of the carbohydrates with meat, eggs, 
milk and milk products. The latter foods would not only 
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supply a small amount of carbohydrate, but would increase 
the fat and good quality protein levels of the diet. Jay et al. 
(’.36) and Koehne et al. (’34, ’34 a) have noted that the in- 
cidence of caries in humans was increased when sugar or 
“sweet foods” were ingested in appreciable amounts. Bead 
and Knowles (’38) observed that in a caries-free group of 
children, the intake of fat and protein was good while in a 
caries-susceptible group the protein and fat intakes were de- 
ficient with the amount of carbohydrate consumed conse- 
quently increased. Boyd ( ’44) observed that the caries experi- 
ence in 2 groups of children was comparably reduced even 
though the fat content of the diets differed by almost 100%. 
Therefore, he attributed the low number of cavities observed 
to the high nutritive value of the 2 diets and not to the low 
carbohydrate, high fat composition. The ratio of protein : 
carbohydrate : fat in the high and low fat diets was 7 : 9 ; 21 
and 7 : 15 : 11, and the percentage of fat was 57 and 33, re- 
spectively. In the present work fat comprised 35 and 18% of 
the protein, carbohydrate and fat portion of the high and 
medium fat diets, respectively (table 1). Therefore, the fat 
content of Boyd’s lower fat diet was roughly equivalent to 
the fat content of the high fat diet used in these experiments. 
The amount of fat in his diets may be sufficiently high so that 
no difference in caries activity due to the fat content of the 
2 diets could be noted. In earlier work Boyd et al. (’29) and 
Drain and Boyd ( ’30) offered additional evidence in support 
of the value of diets of high nutritive quality for reducing 
the caries experience in humans. Special diets were devised 
for four cases with celiac disease, with protein and dextrose 
supplying the energy (the latter as much as 60% of the total 
calories over a period of months) and with special emphasis 
on avoidance of fat and starch. No new caries were noted and 
all active caries were arrested by this dietary regimen in less 
than 10 weeks of dietary supervision. 

The data obtained with the cotton rat indicate that high 
levels of fat and protein do not reduce the caries incidence 
by merely reducing the sucrose content of the diet, since con- 
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siderably higher amounts of sucrose are present in these diets 
than in dextrin-sucrose diets where a high caries incidence 
occurred. 

Fat and protein are probably not as favorable for rapid 
fermentation by the acid-producing organisms associated with 
tooth decay processes. The dominating types of organisms 
in the oral cavity may be quite different when higher propor- 
tions of fat and protein are fed at the expense of sucrose in 
the ration. The effect of fat may be “physical” in that it forms 
a protective coating over the areas of the teeth most suscep- 
tible to invasion by the bacteria present in the mouth. A 
study of the effect of other dietary proteins and fats, in com- 
bination with several carbohydrates is needed to determine the 
complete interrelationship of the effects of the amount and 
kind of carbohydrate, protein and fat on the incidence and 
extent of dental caries in the cotton rat. 

SUMMARY 

1. The isocaloric substitution of 10 or 20 parts of lard for 
sucrose in a purified ration reduced the incidence and extent 
of carious lesions in the cotton rat in proportion to the amount 
of lard added. 

2. When the casein content of the diet was increased from 
24 to 50% at the expense of sucrose, some reduction in caries 
occurrence was observed. 

3. When 50 parts of casein and 10 parts of lard were fed, 
the protective effect was additive. The number of cavities 
observed was comparable to that observed when the ration 
contained 20 parts of lard. 

4. No carious lesions were noted when mineralized whole 
milk diets were fed. The incidence and extent of tooth decay 
were low when a ration approximating milk solids in com- 
position was fed. 
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It has been recognized for several years that cooking soy- 
beans increases their protein nutritive value (Osborne and 
Mendel, ’17 ; Hayward, Steenbock, and Bobstedt, ’36 ; Hay- 
ward, ’37). Hayward and Hafner (’41) and Almquist, Meccbi, 
Kratzer and Grau ( ’42) have demonstrated that the addition 
of dl-jnethionine to a diet containing raw soybean protein im- 
proved growth to a greater extent than when added to a diet 
containing the cooked soybean protein. The difference in 
the effectiveness of methionine observed by these investigators 
suggests that cooking the soybean oil meal increased the avail- 
ability of cystine and methionine for the chick. Heat-treated 
soybean oil meal was shown by Almquist et al. (’42) to be 
slightly deficient in methionine for the chick when fed as the 
sole source of protein. 

A wide variability in the nutritive value of the proteins of dif- 
ferent commercial soybean oil meals was found by Draper and 
Evans ( ’44). The data obtained by Evans and St. John ( ’45) 
indicate that the differences in the availability of the proteins 
of the meals were caused by differences in extent of denatnra- 
tion of the proteins by heat treatment. Hayward, Halpin, 
Holmes, Bobstedt and Hart ( ’37) found that heating at 140° C. 

' Published as Scientific Paper no, 654, College of Agriculture and Agricultural 
Experiment Stations, State College of Washington, Pullman. 
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for 2i minutes or at 105°C. for 90 minutes produced a soybean 
oil meal with a higher protein nutritive value than did heating 
at 105°C. for 2 minutes or 82°C. for 90 minutes. Parsons ( ’43) 
obtained better growth of rats with a soybean oil meal auto- 
claved at 110°C. for 30 minutes than with one autoclaved at 
123 °C. for 30 minutes. Bird and Burkhardt (’43) obtained 
better chick growth with a soybean oil meal autoclaved for 2^ 
minutes at 128° C. than with one autoclaved for longer or 
shorter times at that temperature. 

Marvel, Carrick, Roberts and Hauge (’44, ’45) concluded 
that soybean oil meals were deficient in choline as well as 
methionine for growing chicks and that choline and methionine 
acted interchangeably to supplement the diet they used. 

The purpose of the present investigation was to determine 
the influence of autoclaving soybean oil meal at different tem- 
peratures on the growth of chicks and on the availability 
of the cystine and methionine of soybean oil meal for chicks. 

EXPERIMENTAL 

Solvent-extracted soybean flakes * were used in this study. 
These flakes were ground in a hammer mill and well mixed. 
The required amount of the raw soybean oil meal for each 
diet was weighed into enameled pans. Each sample was spread 
in the bottom of the pan to a depth of about 1 inch. The 
meals were autoclaved for 30 minutes at steam pressures re- 
quired to give temperatures of 100°C., 110°C., 120°C., and 
130°C. One sample was autoclaved at 130° C. for 60 minutes. 

Each of the diets fed had the folloAving composition : cere- 
lose, 53.0 gm; soybean oil meal, 29.0 gm; dried brewer’s yeast, 

5.0 gm; gelatin, 5.0 gm; mineral mixture,® 5.0 gm; soybean 
oil, 2.5 gm; fortified fish oil, 0.5 gm; tocopherol concentrate, 

10.0 mg; p-aminobenzoie acid,^ 10.0 mg; nicotinic acid, 3.0 mg; 

* Supplied by Spencer — Kellog and Sons, Inc., Buffalo, N. Y. 

“The composition of the mineral mixture was: oyster shell, 1570 gm; CaHPO^ • 
2HaO, 1740 gm; K 2 HPO 4 , 840 gm; NaCl, 600 gm; Mg804 • 7HaO, 500 gm; 
Fca(S 04)8 • XHA 55 gm; Mn804 * 4HaO, 29 gm; KI, 3.3 gm; CuSO* • SHjO, 
1,5 gm; ZnCla, 1.0 gm; and CoCla • 6HaO, 0.2 gm. 

♦The crystalline fVitamins were supplied by Hoffman-LaRoche, Inc., Nutley, 
N. J. 
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2-methyl-l, 4-naphthoquinone, 1.0 mg; riboflavin, 1.0 mg; cal- 
cium pantothenate, 1.0 mg; thiamine, 0.5 mg; and pyridoxine, 
0.5 mg. The diets contained 21% protein. The only differences 
in the diets fed the different groups were in the heat treatment 
of the soybean oil meal and the additions of choline and meth- 
ionine ® to some of the diets. Descriptions of the heat treat- 
ment and per cent choline and methionine added to each diet 
are given in table 1. 

Seventeen groups of fifteen New Hampshire chicks each 
were used in the experiment and were kept in electrically 
heated battery brooders with wire floors. The chicks were 
weighed individually at weekly intervals, and at the same 
time feed consumption was recorded. The duration of the ex- 
periment was 4 weeks. In oi'der to determine the efficiency 
of utilization of cystine and methionine the droppings were 
collected on glass plates during the third week of the exper- 
iment. A careful record of gain in body weight and feed con- 
sumption was also kept for the third week. The droppings 
were air-dried, weighed, ground in a Wiley Mill, and sampled 
for chemical analysis. 

Total sulfur was determined on the diets fed and on the 
droppings by the method described by Evans and St. John 
(’44). Inorganic and organic sulfur were determined as de- 
scribed by Evans and Greaves (’37), and cystine and meth- 
ionine by the differential oxidation procedure described by 
Evans (’45). The cystine and methionine method is based on 
the principle that cystine is oxidized to sulfate by concentrated 
HNOs, kot methionine is not. Methionine is calculated from 
the total sulfur minus the sulfur oxidized to sulfate by HNO,. 
Cystine is calculated from the sulfur oxidized to sulfate by 
HNOj, minus inorganic sulfur. Cystine sulfur plus methionine 
sulfur thus equals organic sulfur. The retention of organic 
sulfur, cystine, and methionine by the growing chick was cal- 
culated from the results of the chemical analysis, and the 
amounts of feed consumed and droppings excreted. 

‘ The methionine was supplied by Dr. L. C. Norris, Cornell University, Ithaca, 
N. Y. 



TABLE 1 

The influence of heat treatment and additions of choline and methionine on the nutritive valve of soybean proteins. 
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RESULTS 

Total gain in body weight and gain per gram of protein 
consumed were used as criteria of the nutritive value of the 
proteins of the soybean oil meal and are presented in table 1. 
The raw soybean oil meal with no dietary supplement sup- 
ported very poor growth in chicks. Autoclaving at 110°C. for 
30 minutes increased the protein nutritive value of the soybean 
oil meal for chicks fed the basal diet alone or with added 
methionine, or methionine plus choline. Autoclaving at 130°C. 
increased the protein nutritive value, but not to as great an 
extent as autoclaving at 110°C. 

When 0.2% choline was added to the basal diet, the soybean 
oil meals which had been autoclaved at 100, 110, or 120°C. 
gave better growth than the raw soybean oil meal or the soy- 
bean oil meals that were autoclaved at 130°C. for 30 or 60 
minutes. The detrimental etfect of overheating soybean oil 
meal on growth of chicks is shown in the group receiving 
the meal autoclaved for 60 minutes at 130- C., which had poorer 
total gain and gain per gram of feed consumed than the group 
receiving the raw meal. 

The methionine content of the unsupplemented diet was 
0.35% and the cystine plus methionine content was 0.63%. 
The addition of 0.2% dl-methionine to the diet raised the 
methionine content to 0.55% and the cystine plus methionine 
to 0.83%. The addition of 0.2% methionine in all cases greatly 
increased the body weights and the protein efficiency of chicks 
at 4 weeks over the groups receiving no added methionine. 
This level of methionine increased the total gain and gain 
per gram of protein consumed of chicks receiving raw soybean 
oil meal so that they equaled the values for the best heat- 
treated meal when unsupplemented wdth methionine. The 
addition of methionine to the soybean oil meal autoclaved 
at 130°C. for 30 minutes also increased its protein nutritive 
value so that it equaled that of the unsupplemented soybean 
oil meal autoclaved for 30 minutes at 110°C. The gl’owth re- 
sponses obtained by autoclaving the soybean oil meal at 110° C. 
and by supplementing the raw meal with 0.2% methionine 
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were approximately equal. The growth responses obtained sep- 
arately by autoclaving at 110° C. and by supplementing with 
methionine were approximately additiv’e when these treat- 
ments were combined. 

The availability of the cystine and methionine in the differ- 
ent diets was determined by a sulfur balance study. The or- 
ganic sulfur balance data are presented in table 2. Eetention 
of organic sulfur is presented as grams retained and as per 
cent retained of the organic sulfur consumed, both for the 
total organic sulfur intake and the intake of organic sulfur 
from the basal diet. In calculating this latter value, it was 
assumed that all of the added dl-methionine was retained. 
This assumption appears logical since dl-methionine is fully 
utilized by the chick (Grau and Almquist, ’43) and since no 
methionine appeared to be oxidized to sulfate. Further sup- 
port of the assumption is that if such were not the case, the 
addition of methionine would appear to very greatly increase 
the methionine retention from the basal diet. 

Chicks receiving soybean oil meal autoclaved at 100, 110, or 
120°C. had a larger organic sulfur retention than chicks re- 
ceiving the raw meal, whether supplemented with choline 
or methionine or receiving no supplements. Chicks receiving 
soybean oil meal autoclaved at 130° C. for 30 or 60 minutes 
I’etained a lower percentage of the organic sulfur than the 
chicks receiving soybean oil meal autoclaved at 100° or 110° C. 
for 30 minutes except that groups 12 and 15 (130°C.), which 
received added methionine, retained as high a percentage of 
the organic sulfur as groups 11 and 14 (110°C.). 

The addition of 0.2% choline slightly increased the reten- 
tion of organic sulfur in the group receiving raw soybean oil 
meal. The addition of 0.2% dl-methionine to the diets contain- 
ing no added choline increased the percentage retention of 
the organic sulfur from the basal diets. Addition of choline 
plus methionine did not increase the retention of the organic 
sulfur of the diet. 

There was a highly significant coefficient of correlation 
of -f-0.813 between the grams gain by chicks per gram of pro- 
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This assumes that all added dl-methionine is utilized and retained. 
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tein consumed (table 1) and the per cent of organic sulfur re- 
tained of that ingested by the chicks (table 2) for the seventeen 
diets. This highly significant correlation indicates that the 
availability of the organic sulfur limited the extent to which 
the protein was utilized by the growing chick under the con- 
ditions of this experiment. 

The results of the cystine and methionine balance studies 
are presented in table 3. The cystine sulfur was very poorly 
retained. The soybean oil meals heated at 100°, 110°, or 120°C. 
gave a better retention of cystine than the raw meals or those 
heated at 130° C., whether supplemented with choline or receiv- 
ing no supplements, except for groups 12 and 15. Retention 
of methionine sulfur was improved by heating the meals at 
100°, 110°, or 120°C. Heating at 130°C. increased methionine 
retention but not as much as heating at 110°C. Addition of 
methionine to the diet containing no added choline increased 
methionine retention, but when added to the diet containing 
added choline no increase in methionine retention occurred. 

There appeared to be some retention of inorganic sulfur, 
since every group had a larger intake of inorganic sulfur .than 
was excreted (table 2). 


DISCUSSION 

According to Grau and Almquist {’43) the methionine re- 
quirement for growing chicks is 0.5 to 0.6% of the diet and 
the cystine plus methionine requirement is 1.0 to 1.1%. All 
diets used in this experiment except the practical diet Avere 
deficient in methionine plus cystine according to these stand- 
ards. The diets to which no supplemental methionine w'as 
added were deficient in methionine. With the exception of the 
raw meal, the groAvth and protein efficiency were better on the 
diets to which methionine was added than on the practical diet 
which contained 0.46% methionine and 1.03% cystine plus 
methionine. It is not known whether the addition of meth- 
ionine to the practical diet or the addition of cystine to the 
diets containing added methionine would have further in- 
creased growth and protein efficiency. The very good growth 
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and protein eflSciency of tlie chicks receiving the soybean oil 
meal that had been autoclaved at 110° C. and 0.2% supple- 
mental methionine suggests the possibility of less than 1.0% 
cystine plus methionine being required by the chick when more 
than 0.5% is present as methionine. Methionine was much 
better utilized than cystine. 

Choline and methionine did not exert an interchangeable 
supplementary action on the diet used. This does not agree 
with the findings of Marvel, Car rick, Roberts, and Hauge 
(’44) using a corn and soybean oil meal diet. Choline may 
have suppleinented all of the diets to a slight extent, but 
methionine had a much greater supplementary action. 

The protein nutritive value of raw soybean oil meal was 
greatly increased by autoclaving for 30 minutes at 100°, 110°, 
or 120°C., whether or not the diet contained added choline or 
methionine. Since the addition of 0.2% methionine to the diet 
containing raw soybean oil meal increased the protein nutri- 
tive value almost as much as did the best heat treatment, it 
would appear that autoclaving increased the availability of 
the cystine and methionine, as was believed by Hayward and 
Hafner (’41) and Almquist, Mecehi, Kratzer, and Grau (’42). 
This is further substantiated by the greater retention of cy- 
stine and methionine from the diets containing the moderately 
heated soybean oil meals (100-120°C.). Further heat treat- 
ment decreased the protein nutritive value of the soybean oil 
meal. This appeared to be caused by a decreased availability 
of the cystine and the methionine since the addition of meth- 
ionine to the overheated meals increased growth and gain per 
gram of protein consumed to equal those of the soybean oil 
meal autoclaved for 30 minutes at 110°C. and since there was 
a poor retention of the dietary cystine and methionine on 
the diets containing the overheated soybean oil meals. 

It is probable that the higher autoclaving temperature did 
not exert the harmful effect on the soybean oil meal simply 
by decreasing the availability of the methionine and cystine, 
but since the diet was deficient in methionine this amino acid 
was the limiting one in all cases. The decrease in protein 
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nutritive value was thus due to lowered methionine availability 
even though the availability of all amino acids may have been 
decreased. Evans and St. John ( ’45) showed a progressive 
denaturation of soybean proteins wdth increased heat treat- 
ment of the soybean oil meal. According to data presented in 
the present paper this denaturation was accompanied by a 
decreased availability of methionine. The decreased methio- 
nine availability may have been caused by a lowered avail- 
ability of some of the denatured proteins. It appears that the 
decreased availability was not caused by a decreased diges- 
tibility according to data obtained by Johnson, Parsons, and 
Steenbock (’39) from sulfur balance studies with rats. 

The methionine retention was much better than the cystine 
retention. Part of the poor cystine retention may have been 
<‘xaggerated because of shedding of feathers, some of which 
became mixed with the droppings. Most of these, however, 
were separated before weighing and grinding the droppings. 

It was expected that there w'ould be considerable oxidation 
of cystine and methionine to sulfate but this was not the 
case, since there was less sulfate sulfur in the droppings than 
in the feed, indicating a retention of some of the sulfate sulfur. 
However, it is possible that some sulfate sulfur was lost from 
tile droppings through bacteriological action. 

^Methionine may act as a source of methyl groups to replace 
choline (du Vigneaud, Cohn, Chandler, Schenck, and Sim- 
monds, ’41), so that in a deficiency of choline, methionine 
may supply methyl groups. To the extent that clioline re- 
places methionine in this capacity, it probably replaces meth- 
ionine in the diet. 


SUMMARY 

The nutritive value of the proteins of raw soybean oil meal, 
as determined by total gain in weight and gain per gram 
of protein consumed by chicks, Avas increased by autoclavdng 
the meal at 100°C., 110 C., or 120°C. for 30 minutes. The pro- 
tein nutritive values were lower when soybean oil meal was 
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autoclaved at 130° C. for 30 or 60 minutes than when it was 
autoclaved at 100°-120°C. 

The availability for growing chicks of the methionine and 
cystine or the organic sulfur in soybean oil meal was in- 
creased by autoclaving the raw meal. The availability of the 
methionine and cystine or the organic sulfur was not as 
great when the meals were autoclaved at temperatures above 
120°C. as it was when the meals were autoclaved at 100°C., 
110° C., or 120°C. Added methionine increased the growth 
and feed efficiency on all diets. The addition of 0.2% dl- 
methionine to the basal diet increased the retention by the 
growing chick of the methionine originally in the unsupple- 
mepted diet. The methionine of the soybean oil meal was 
retained to a much greater extent than the cystine. 
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The carotene content of tropical plant and animal materials 
is not yet well known. The variety and exuberance of the 
flora and fauna of the tropics suggest the likely possibility 
of finding excellent sources of various members of the vita- 
min group including carotene. This is supported by the recent 
report of Cravioto, Lookart et al. ( ’45) on analyses of Mexican 
foods. These authors have recorded the exceptional nutritive 
value of some less commonly used foods such as the nialvas 
for example. This report has encouraged us in our work of 
analysing Cuban foods, work which was begun long before 
the above mentioned report was published. In this paper we 
present the results of carotene analyses of seventy-five 
samples of forty-three Cuban foods, several of which, to the 
best of our knowledge, have never been analysed before. 

METHODS AND MATERIALS 

As chromatographic separation of the carotenes from pig- 
mented impurities has been demonstrated to be more specific 
than the commonly used biphasic purification, w’e chose a 
technique of the first type, namely the method of AVall and 
Kelley (’43). Except in the case of cacao, their modification 
for fresh material was employed. The use of a regulator for 
controlling the speed of the Waiting blendor was found neces- 
sary in many instances to avoid splashing and subsequent loss 
of carotene. This happened particularly in samples of 
soursop, canistel and cashew nut. 


463 



464 


J. J. ANGULO, C. FUENTB8 AND M. JOHNSON 


All of the samples were secured from the Havana curb 
markets, and were of the same quality and degree of ripeness 
as the food commonly consumed. Whenever possible the 
variety was recorded and two or three determinations of the 
same food were made. In the case of mango eight varieties 
were assayed. Only the edible part of the fruits was con- 
sidered. 

When extraction in the blendor resulted in white extracts 
the result was reported as carotene-free. It should be noted 
that a yellow extract sometimes contained non-measurable 
carotene, as coloring impurities had been retained by the 
chromatographic column ; this was true for samples of peanut 
oil find grapefruit. When a final extract of a 100-gm sample 
was concentrated to 10 ml, and gave a photometric reading 
of more than a 91% transmission, the sample was also re- 
ported as carotene-free. 

The malanga, mamoncillo and pitahaya samples were hard 
to filter through fritted glass while that of mango was the 
easiest. Filtration was accelerated when a funnel with a 
capacity that was several times the volume to be filtered was 
employed. 

We used Kimble amber and Pyrex low actinic glasses, al- 
though these are not specified for carotene determinations. 
We found that both colored glasses, especially the Pyrex red, 
made it difficult to observe the emulsions that were frequently 
encountered. 


RESULTS AND DISCUSSION 

The results of our analyses are presented in table 1. Exam- 
ination of the table reveals that the mango, mamey de Santo 
Domingo, canistel and red cashew nut are the Cuban grown 
fruits richest in carotene. Next to these come the muskmelon, 
tangerine, Johnson banana, guava, red mamey and Jamaica 
cherry. Pair values were found for red pepper, yellow 
malanga and ripe plantain. Except for the Placero tomato, 
the rest of the foods analysed were found to be unimportant 
with respect to content of carotene. Soursop and coconut 
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were completely devoid of the pro-vitamin, while peanut oil, 
prn and grapefruit contained only non-measurable amounts. 

The most interesting Ending was the remarkably high caro- 
tene content of certain varieties of mango, values which prove 
to be the highest ever recorded among fruits. Of the eight 
varieties assayed, the Bizcochuelo and the Mulgoba showed 
very high values, while the others had about the same content 
as has been found in other countries. In one sample of Moro 
mango 77% of its crude carotene was found to be beta- 
carotene. A single Moro, Bizcochuelo or Mulgoba mango con- 
tains several times the daily allowance for adults of vitamin A 
recommended by the Food and Nutrition Board of the U. S. 
National Research Council (’43). In this connection it is of 
some interest to mention that Valledor and Fernandez Flores 
(’40) and Rosenkranz and Vieta (’45) have found the mango 
to be a good source of vitamin C as well. 

A comparison of our figures with those of Booher, Hartzler 
and Hewston (’42) and of Cravioto et al. (’45) shows that 
Cuban fruits are, in general, richer in carotene than the cor- 
responding American and Mexican fruits. The values for 
tomato, red pepper, lemon, grapefruit, honey, potato, cucum- 
ber, watermelon and banana agree with those found for the 
same foods grown and analysed in the United States, and 
similarly, in the case of red mamey, sugar cane, guava, fig, 
lime, lemon, and some mango varieties with those for these 
foods grown and assayed in Mexico. The only difference 
between the American assays and ours pertain to papaya, 
and between the Mexican data and ours with respect to the 
banana. Climate, botanical variety, variation among samples, 
and no doubt other factors may be responsible for this. Ap- 
preciable variation in carotene content among ditferent 
samples was experienced in many cases, but this is of fre- 
quent occurrence in food analyses, especially when common 
market samples are used as was the case in our study. It 
should be pointed out that the particular method of analysis 
employed by us is highly specific. 
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TABLE 1 

Carotene content of Cuban foods. 


COMMON NAMK 

BOTANICAL NAMS 

VARIETY 

CAROTENB 




mgfgm of 




material 

Banana 

Musa sapientum, Lin. 

J ohnson 

2.4 

Banana 

Musa sapientum, Lin. 

Manzano 

0.3 

Bee’s honey 



0.02 

Cacao, raw 

Theobroma cacao, Lin. 

Baracoa 

1.7 

Cacao, toasted 

Theobroma cacao, Lin. 


2.1 

Canistel 

Lucuma nervosa, A.D.C. 


9.5 

Canistel 

Lucuma nervosa, A.D.C. 


74.0 

Cashew nut 

Anacardium occidentals, Lin. 

Red 

4.2 

Cashew nut 

Anacardium occidentalc, Lin. 

Red 

9.5 

Cashew nut 

Anacardium oceidentale, Lin. 

Red 

15.5 

Coconut, flesh * 

Cocos nucifera, Lin. 


0.0 

Coconut, flesh ‘ 

Cocos nucifera, Lin, 


0.0 

Coconut, milk * 

Cocos nucifera, Lin. 


0.0 

Coconut, milk * 

Cocos nucifera, Lin. 


0.0 

Cucumber 

Cucumis sativus, Lin. 


0.2 

Chayote 

Seehium edulis (Jacq.) 8.W. 

S]>iny 

0.03 

Cherry, Jamaica 

Malpighia glabra, Lin. 


1.3 

Fig 

Ficus carica, Lin. 


0.4 

Pig 

Ficus carica, Lin. 


0.6 

Grapefruit, juice ’ 

Citrus decumana, Lin. 


0.0 

Grapefruit, juice * 

Citrus decumana, Lin. 


0.0 

Guagui 

Colocasia antiquorura, Schott 


0.2 

Guava 

Psidium guajaba, Lin. 


1.6 

Guava 

Psidium guajaba, Lin. 


2.8 

Lemon, common 

Citrus limonum, Risso 


0.04 

Lemon, sour (rind) 

Citrus medica, Lin. 


0.02 

Lime, juice ’ 

Citrus limetta, Hisso 


0.0 

Lime, juice 

Citrus limetta 


0.02 

Malania * 

Xanthosoma sagitifolium, Schott 

White 

0.0 

Malanf^a 

Xanthosoma sagitifolium, Schott 

Yellow 

10.8 

Mamey, red 

Achras zapota, Lin. 


1.4 

Mamey, red 

Achras zapota, Lin. 


2.4 

Mamey de Sto. 




Domingo 

Mammea americann, Lin. 


11.7 

Mamey de Sto. 




Domingo 

Mammea americana, Lin. 


14.0 

Mamey de Bto, 




Domingo 

Mammea americana, Lin. 


52.0 

Mamoncillo 

Melicocea bijuga, Lin. 


0.03 

Mango 

Mangifera, indica, Lin. 

Bizcochuelo 

41.5 

Mango 

Mangifera, indica, Lin. 

Bizcochuelo 

72.5 

Mango 

Mangifera, indica, Lin. 

Filipino 

9.5 
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TABLE 1 (Continued) 


COMMON NAMK 

BOTANICAL NAMB 

VARIETY 

CAROTENE 




mfffgm of 
material 

Mango 

Mangifera, indica, Lin. 

Julian 

19.0 

Mango 

Mangifera, indica, Lin. 

Manga amarilla 

20.8 

Mango 

Mangifera, indica, Lin. 

Mango de puerco 16.4 

Mango 

Mangifera, indica, Lin. 

Moro 

115.0 

Mango 

Mangifera, indica, Lin. 

Moro 

139.5 

Mango 

Mangifera, indica, Lin. 

Moro 

164.0 

Mango 

Mangifera, indica, Lin. 

Mulgoba 

51.6 

Mango 

Mangifera, indica, Lin. 

Toledo 

16.4 

Muskmelon 

Cucnmis melo, Lin. 


7.6 

Okra 

Orange, sour 

Hibiscus esculentus, Lin. 


2.4 

(juice) 

Orange, sour 

Citrus aurantium, Lin. 


0.3 

(juice) 

(^itrus aurantium. Inn. 


1.3 

Papaya 

Carica papaya, Lin. 

Yellow 

0.6 

Peanut oil* 



0.0 

Pepper 

Capsicum annum, Lin. 

Common red 

27.6 

Pitahaya 

Relenicercus grandiflorus (L.) 




B and R 


0.05 

Plantaiu, ri])c 

Musa paradisiaca, Lin. 

Burro 

9.2 

Potato 

Rolanum tuberosum, Lin. 


0.02 

Prd* 



0.0 

Sa pod ilia 

Flapota achras. Mill. 


0.2 

Sapodilla 

Sapota achras, Mill. 


1.2 

Sirup, sugar eane 



0.0,3 

Sirup, sugar cam* 



0.04 

Roursop * 

Amiona muricata, Lin. 


0.0 

Soursop * 

Annona muricata, Lin. 


0.0 

S^ugnr cane 

Sacchariim ofhcinarum, Lin. 


0.2 

Sweetpotato 

Ipomoea batatas, Lin. 

White 

2.1 

Tamarind 

Tamarindus indicus, Lin. 


0.3 

Tamarind 

Tamarindus indicus, Lin. 


0 8 

Tangerine, juice 

Citrus nobilis. Lour. 


7 5 

Tomato 

Lycopersicum esculentum, Will, 

Placero 

5 8 

Watermelon 

Citrullus citmllus (L.) Karst 


0.5 

Watermelon 

Citrullus citrullus (L.) Karst 


1.3 

Watermelon 

Citrullus citrullus (L.) Karst 


1.3 

Yam, white 

Dioscorea a lata, Lin. 


0.03 

Yam, yellow 

Dioscorea cayenensis, Lin. 


0.1 


‘ A lOO'gm sample rendorofl a white extract in the blendor. 

* Final extract of a lOO-^m sample concentrated to 10 ml gave a valueless 
photometer rending. 

* A 10-ml sample gave the same results as in *. 



468 


J. J. ANGULO, C. FUENTBS AND M. JOHNSON 


SUMMARY 

The carotene content of seventy-five samples of forty-three 
Cuban plant foods was determined by the chromatographic 
technique of Wall and Kelley. Of the eight mango varieties 
assayed, three gave the highest values ever recorded among 
fruits. These values were higher than those for carrots and 
similar to the highest reported for spinach, both vegetables 
being analysed in the United States. Of the remaining mango 
varieties, several gave values similar to those reported from 
other countries. In one sample of the Moro variety 77% of 
the carotene proved to be beta-carotene. This variety had 
115, 139.5 and 164 pg of carotene per gram of pulp, re- 
spectively, in three samples. In general Cuban fniits are 
richer in carotene than the American and Mexican grown 
varieties. 

The mango, canistel, mamey de Santo Domingo and red 
cashew nut had the highest values among Cuban fruits. A 
listing of the remaining ‘‘good” foods in order of decreasing 
carotene content gives the following: red pepper, yellow 
malanga, ripe plantain, muskmelon, tangerine, Placero tomato, 
guava, red mamey, okra and Johnson banana. Other foods 
would be rated appreciably below these; and the soursop, 
coconut, pru, grapefruit and peanut oil either lack carotene 
or have it in non-measurable amounts. 
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ONE riGURE 

(Received for publication May 2, 1945) 

Kruse (’41) reported that 99% of 166 adults in a low in- 
come group showed diminished transparency of the bulbar 
conjunctiva which he claimed was due to avitaminosis A. 
In 39% of his subjects elevations or spots which could be seen 
with the naked eye were present. Following the administra- 
tion of 100,000 I.U. of vitamin A daily for 8 months to 70 
adults, Kruse reported the following results ; 

“One person with spots has been completely restored and 
discharged. In all others with spots, the conjuctiva has be- 
come less vascular, thinner, clearer and more lustrous. The 
spots are much diminished in size ; in many no longer grossly 
elevated; in some detectible only by microscope. Of the per- 
sons with ‘nonspot’ lesions, eight have been fully restored 
and discharged. Naturally, since the ‘nonspot’ lesions are 
usually less severe, more in this group were among the first 
to show complete recovery. Nevertheless, they have required 
not less than 6 months’ intensive therapy. 

“In both groups those who have not received therapy have 
shown no improvement.’’ 

EXPERIMENTAL 

In the following test, forty pupil nurses, who needed 1 to 2 
years more to complete their training, agreed to act as sub- 

'Under the direction of Alan Brown, M.D., F.R.C.P. (T^ond.). 
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jects. Thirty-four of tlio foi’ty were 19 to 21 years of age. B^ive 
were 22 to 23 years old; one was 26 years of age. Their 
general health was good and their physical examinations at 
the beginning of their training showed no defects. As far as 
was known they came from families that were comfortably off 
financially. 


Initial examination of conjunctiva 

The bulbar conjunctiva, which is relatively transparent, 
contains numerous small blood vessels. It is attached by 
means of lax connective tissue to the opaque, firm sclera 
(F’uchs, ’24). That it is freely movable on the sclera can 
be demonstrated by having the patient blink gently while ob- 
serving the conjunctiva through a slit lamp. Another method 
of showing the mobility of the conjunctiva is to pull down 
the lower lid. During either of these procedures the blood 
vessels in the conjunctiva can be seen to move. The deep 
conjunctival blood vessels which are presumably attached to 
the outer surface of the sclera do not move (AVolff, ’40). Using 
the slit lamp, Ki use ( ’41) described changes in both the super- 
ficial and deep paids of the conjunctiva, which he described 
as transparent, translucent or oi>aque according to their 
ability to transmit light. The present autliors were unable to 
see any difference in transparency between the deep and the 
superficial parts of the conjunctiva, (’onsequently it was not 
possible to follow Kruse’s method exactly. Instead, the trans- 
parency of the conjunctiva was estimated by the clearness 
with which the deeper, non-movable blood vessels could be 
seen through a slit lamp. The method used in this study "was 
planned to demonstrate the conjunctival changes described 
by Kruse. 

When examined with the slit lamp, all of the subjects showe<l 
some thickening of their bulbar conjunctivae. If one accepts 
Kruse’s (’41) hypothesis, this thickening has occurred be- 
cause these young women have suffei-ed from a deficiency of 
vitamin A sometime prior to the examination. In other words. 
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100% of these subjects showed signs of avitaminosis A, ac- 
cording to Kruse. 

As a result of this first examination with tiie slit lamp, the 
subjects were divided into three groups depending on the 
transparency of their bulbar conjunctivae. Group 1 had fairly 
clear conjunctivae. There were fifteen subjects in this group 
and five of them showed elevations or pingueculae in one or 
more of the limbic areas, at the equator (fig. 1). These eleva- 
tions are raised areas roughly circular or triangular in out- 
line. The elevations, according to Fuchs (’24) are due chiefly 
to an increase in the number and size of the elastic fibers. In 
some cases they are of a yellow color, due to the presence of 
a yellowish hyaline substance. These elevations are thought 
by ophthalmologists (Parsons, ’.38) to be more common in 
individuals exposed to much dust, wind, or other such con- 
ditions (see below). 

Group 2 had somewhat more opaque conjunctivae and of 
the thirteen subjects in this group, eight showed elevations. 

Group 3 had still more opaque conjunctivae and ten of the 
twelve subjects in this group showed elevations. Three of 
these individuals had three to four elevations each, which w'as 
more than any of the subjects in groups 1 or 2 showed. 

None of the subjects showed markedly opaque conjunctivae 
oi- deeply pigmented elevations. Thirty-nine per cent of 
Kruse’s patients showed one or more elevations that were 
visible to the naked eye, while in the present series, 
showed such elevations. Kruse’s subjects varied in age from 
17 to 65 years, and were from low income groups, while in 
this series they were from 19 to 26 years old and were from 
higher income groups. 

The relation of outdoor sports to 
the presence of elevations 

To check roughly whether thei'C was any relation between 
indulgence in outdoor sports and the presence of elevations, 
the subject was asked whether she had gone in for outdoor 
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sports freely or whether she had taken little of such exercise 
before coming into trainings Then it was determined whether 
elevations were commoner in the girls who had taken much 
outdoor exercise and conversely whether the girls who did 
not indulge in much outdoor exercise rarely had conjunctival 
elevations. This seemed to be true in general — as 70% of 
the girls who took much outdoor exercise showed elevations, 
whereas of the girls who did not indulge in such exercise to 
any extent only 20% showed elevations. These figures suggest 
that exposure to wind and the other elements favors the 
development of these elevations. 

Amount of vitamin A in the meals 

The nurses received palatable meals which were planned 
by a dietitian, who held a university degree in Home Eco- 
nomics. As far as could be ascertained no reliable method 
for determining the total amount of both vitamin A and caro- 
tene in the meals was available, but the carotene alone could 
be fairly readily assayed by a method suggested by Jack- 
son (’43). Carotene determinations were therefore made on 
3 successive days each month for the last 9 months of the 
study. As was expected, the results of the carotene assays 
showed considerable variation. On 9 of the days the amount 
of carotene varied from 492 to 1000 pg; on 9 other days it 
ranged from 1000 to 5000 pg; on 10 days it was between 5000 
and 25,000 pg. When these figures are expressed in terms of 
vitamin A, using the conversion figure of 0.6 pg carotene as 
equivalent to 1 1.TJ. of vitamin A, they are as follows : 820 1.U. 
to 1666 I.U.; 1666 LIT. to 8330 1.U.; 8330 1.U. to 41,650 1.U. 
The’ vitamin A Sub-Committee of the Accessory Food Factors 
Committee (Lister Institute and Medical Research Council) 
have recently (1945) reported tests on human beings in which 
only 25 to 40% of the carotene ingested in the form of green 
or yellow vegetables was retained in the body. It is probable 
therefore that about one-third of the carotene that is ingested 
is available to the body. 
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As we were not able to measure the vitamin A in the food 
by chemical methods, we estimated, using recent food tables, 
the amount of it present in the milk, cream, butter, cheese, 
eggs and liver eaten by a nurse on the same days. The amount 
of vitamin A in these foods varied from 2500 to 6000 1.U. per 
day, with an average of 4000 1.U., except on 3 days when it 
ranged from 12,000 to 14,000 1.U., due to the fact that liver 
had been served. These figures are approximations, at best, 
as even the figures given in the food tables show great varia- 
tions, but they indicate that the meals contained good amounts 
of vitamin A. Therefore if the conjunctival changes are due 
to a deficiency of vitamin A, this must have occurred some 
time previously. 


Dosage of vitamin A 

Half of each group was given 50,000 1.U. of vitamin A ® 
daily in two capsules. Usually half of this was taken at break- 
fast and the remainder at bedtime. Occasionally the two cap- 
sules were taken together at bedtime. The other half of each 
group received identical looking capsules containing corn oil.* 
(’are was taken to see that in each group, half, as nearly as 
possible, of the subjects with elevations received therapy. 
All of the nurses were under the impression that they were 
receiving vitamin A. The authors, who carried out all the 
examinations, did not know which subjects were receiving 
vitamin A and which were not. A responsible assistant dis- 
tributed the capsules every 2 months. The nurses were re- 
minded frequently — that is at least once every few weeks — 
of the importance of taking the capsules regularly. They also 
kept records of the number of capsules missed. In regard to 
the latter, during their annual 3 weeks’ holiday and during 
the 12% of their time that they spent on night duty, the 
capsules were taken irregularly. During the rest of the year 
the nurses took them quite faithfully. About 40% reported 
that they took them very regularly; about 50% missed about 

^ We are indebted to Mead Johnson and Company, for supplies of this material 
in the form of gelatin capsules. 
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two per week ; and about 10% forgot from three to six capsules 
per week. However even though some of the nurses forgot 
to take a fair number of the capsules, the total amount of 
vitamin A ingested during the 2 years of the test was very 
great. 

Vitamin A blood levels 

Blood vitamin A values were determined in thirty of the 
subjects using the method of May, Blackfan, McCreary and 
Allen (’40). The first blood samples were taken after the 
test had been in progress for 9 to 10 months and the blood 
was drawn in the morning, 2 to 4 hours after the nurse had 
tak;cu her capsule. The average level in the therapy group 
was about 9 blue units higher than in the control group (table 
1, column n) — no doubt due to the 25,0001.11. of vitamin A 
which had been taken a few hours previously. 

TABLE I 

Blood vitamin A values in blue units. 


I AFTER 9—10 MOS. THKRAPY j AFTER 22-20 MOS THERAPY 


SUBJECTS 

NUMBER OF 
SUBJECTS 

Average 

- 1 

UsuhI ranire j 

Averag'e 

1 Usual ranjre 

Taking 
vitamin A 


26.8 ‘ 

1 

21 -33 > 1 

22.3 * 

14-.30 * 

Controls 

1 

16 

17.9 * 

12.4-21.5 > 1 

21.4^ 

14-25 =* 


' Blood was drawn 2 to 4 Lours after 25,000 X.U. of vitamin A had been ingested. 
“ Blood was drawn 11 to 10 hours after 25,000 I.IT. of vitamin A had been in- 
gested. 


In the second test, after 22 to 23 months on therapy, the 
nurses were asked to omit the capsule on the morning on which 
they were to be bled. Consequently the blood was drawn 11 
to 13 hours after the last dose of vitamin A had been taken. 
As is shown in column 5 of table 1, the average blood vita- 
min A levels of the subjects on therapy and of the controls 
were very similar, as were also the ranges of the readings. 
It appears therefore that the addition of 50,000 1.F. of vita- 



VITAMIN A AND THE CONJ IfNCTIVA 


477 


luiu A to the daily diet for a period of 22 to 23 months does 
not raise the blood vitamin A level except for the first few 
hours after a dose has been taken. 

Technique of slit lami> examination 

Except during the months of July and August, each nurse 
was very carefully examined with the slit lamp approximately 
every 2 months, always by the same observer. Each examina- 
tion required about 45 minutes’ time for each nurse. The 
subject who was seated in front of the window, but not in 
direct sunlight, was first examined with the naked eye. The 
evenness of the surface of the conjunctiva, the number, posi- 
tion, shape and color of the elevations, any enlargement or 
engorgement of the plica and the extent of the vascular net- 
work were recorded. No regular changes in any of these 
tissues could be observed. This result is conti'ary to that of 
Kruse (’41) who described such changes following the in- 
gestion of large amounts of vitamin A daily. 

A large scale drawing (8"x6") was made of all the deep 
bulbar conjunctival vessels that could be seen through the 
slit-lamp (fig. 1). The fact that the deep vessels do not move 
when the subject blinks or the observer pulls down the lower 
lid quickly, allows one to dilTerentiate between the deep and 
the superficial vessels. The upper lid was held up and the 
lower lid held down by the subject so that all of the bulbar 
conjunctiva could be examined. The clarity with which the 
deep vessels could be seen and the number of them that were 
visible were used as a measure of the transparency of the 
conjunctiva. The clearness with which the various ])arts of 
the vessels couhl be seen was indicated by means of numbers 
wi-itten beside the vessels. The clearest parts were designated 
as 1; those parts just visible as 4, with gradations between 
designated 2 and 3. After each examination the drawing was 
traced on a thin sheet of paper — the vessels being .shown in 
red (solid lines in fig. 1) and no figures being copied. At the 
next examination the A'cssels seen through the slit lamp were 
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compared with those shown in the drawing and the clearness 
with which they were now seen was marked in again by figures. 
Any new vessels seen at this examination were drawn in with 
a blue pencil (shown by dotted lines in fig. 1). Any vessels 
previously recorded and not seen on this examination were 
surrounded by blue circles and these were omitted in the 
next tracing. The aim of these drawings was to demonstrate 
whether the conjunctiva was becoming more transparent and 
by di’awing in the vessels, one could be sure of their loca- 



Fig, 1 Large scale drawing of deep conjunctival vessels; the examiner could 
not see the blood vessels enclosed by the dotted circle at this particular examina- 
tion, although these vessels were seen in this area in the previous examination. 
Therefore in the tracing that was made from this drawing these blood vessels were 
omitted. This tracing served as a guide at the next examination. 


tion in the conjunctiva. The subject whose deep conjunctival 
vessels are shown in figure 1, belonged to the group which 
had the most opaque conjunctiva (group' 3), and therefore 
few vessels were seen and only parts of two of the vessels 
were relatively clear (marked 2). No vessels were very clear. 

Kruse ( ’41) states that the thickness of the conjunctiva can 
often be estimated by counting the number of vessels seen 
crossing over each other in each zone (area between limbus 
and canthus). This was therefore done and the number of 
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vessels seen crossing over each other was recorded above 
each canthus. These numbers are enclosed in circles in fig- 
ure 1. For example, 4 means that four strata of vessels 
crossing over each other could be seen on the average in that 
zone. This was recorded in the successive examinations but 
no regular change was noted. 

Results of slit lamp examinations 
after beginning of therapy 

At the end of each examination, the record and the draw- 
ings of the subject’s eyes were compared with her previous 
drawings and recoi'ds and the observer decided from this 
evidence whether more or fewer deep vessels were seen, 
whether some of these vessels were seen more or less clearly, 
or whether there was no change. 

If the deep vessels wei'c seen more clearly or if more of 
them were visible, either of which findings would indicate 
that the conjunctiva was more transparent, the subject was 
said to be receiving vitamin A. After the whole group of 
subjects had been examined each time, the assistant, who 
knew which nurses were receiving vitamin A, checked the 
results, removed the nurses’ names from the sheet and re- 
ported in what percentage of the subjects the diagnosis of 
therapy was correct. From her report it was evident that it 
was quite impossible to determine l)y the use of this method 
who was receiving vitamin A and who was not. 

The results of, all the slit lamp examinations on each sub- 
ject were summarized to decide wliether any change had 
occurred from the beginning. Six of the subjects could be 
kept in the test for only 1 year. Five were on therapy and 
in three of these the conjunctivae seemed clearer after the 
year of therapy. The sixth, who was a control, showed no 
change in her conjunctivae. 

Thirty-four of the patients took therapy for 2 years and 
a summary of the slit-lamp examinations on them is shown 
in table 2. In the subjects of group 1 (clearest conjunctivae) 
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none of those on therapy showed clearing, whereas 43% of 
tho controls apparently had clearer conjunctivae at the end 
than at the beginning of the test. Of the subjects in group 2 
(moderately opaque conjunctivae) 40% of those on therapj’ 
showed some clearing, but 33% of the controls showed similar 
clearing. Of the ten subjects with the most opaque con- 
junctivae (group 3), none showed any clearing, whether they 
had taken vitamin A or not. 

TABLE 2 

Percentage of subjects showing more transparent conjunctiva at end of test — 
determined from 8-9 slit lamp examinations on each subject. 


SUBJECTS OIVKN VITA .Nf IN .\ 
(2 YRS.) 


OF conjunctiva 

i 

Number of 
subjects 

% 

clearer 

Number of 
subjects 

1 clearer 

Group 1 — ('Icarost ' 

6 

1 0 

7 

43 

Group 2 — ^fodorutely opnque i 

5 

40 

6 

1 33 

Group 3 — Most opnipif 

5 

0 

5 

0 


Two of the control subjects showed no change consistently 
throughout the 2 years of the study. One of the subjects 
taking vitamin A showed progressive and regular clearing 
of her conjunctivae but her elevations did not disappear. In 
all the other thirty-one subjects who were studied for the full 
2 years (fifteen on therapy and sixteen controls) .the con- 
junctiva on some examinations seemed to have become more 
transparent, but on subsequent examinations it seemed to 
show no change or to have become less transparent. 

If the conjunctival thickening is caused by a lack of vita- 
min A, one would certainly expect that the administration for 
2 years of enormous daily doses (50,0001.11.) of vitamin A 
would cause the conjunctivae to become definitely thinner. 
The conjunctivae did not become clearer in these subjects 
and one would therefore conclude that the thickening was 
not due to a deficiency of vitamin A. 
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Photographic studies of conjunctiva 

A kodachrome photograph, approximately life size, was 
taken of each subject’s eyes every 6 months. All the condi- 
tions, i.e., camera, type of film, flash bulbs, etc., were identical 
as far as could be determined on each occasion. However the 
photographs taken at different times varied greatly in their 
color tones, due to uncontrollable variations in the films and 
their processing. It was therefore very difficult to compare 
the pictures taken at different times. Nevertheless at the end 
of the test after a study of the complete series of pictures 
of each of the subjects both in a viewing box and by projection 
in pairs on a smooth screen, a tentative conclusion was reached 
as to any change in the transparency of the conjunctiva. It 


TABLE 3 

Percentagt of subjects showinfj more transparent conjunctiva at end of test — 
as shown by photoyraphs. 


INITIATi APPEAR 4NC1-: 
or CONJUNCTIVA 


SXm.TECTS OIVEN 
VIT\MIN A 


CONTROLS 




% 


Group 1 — nearest i 3.3 

Group 2 — Moderately opaque 60 

Group .3 — Moat opaque ; 40 


43 

66 

60 


is felt, however, that the photographic records are of doubtful 
value because of the technical difficulties involved. The re- 
sults are shown in table 3. No difference could be detected 
between the nurses on therapy and the controls. 


Time lost due to infections 

While this study was in progress a record was kept of 
the number of days the nurses were off work due to illness 
during the 2 years (table 4). Seven of the sixteen subjects 
on vitamin A therapy, or 44%, lost time from work because 
of respiratory infections duifing the 2 years of the test. These 
nurses suffered from a total of fifteen infections, which re- 
sulted in a loss of 109 working days. 



Total no, of nurses given vitamin A 16 Total no. of nurses serving as aontrols 18 

No. of these nurses with respiratory infections 7 1 No. of these nurses with respiratory infections 11 

Per cent of these nurses with respiratory infections 44 Per cent of these nurses with respiratory infections 61 

Time lost because of respiratory infections — days 109 Time lost because of respiratory infections — days 198 

Number of infections ... 15 j Number of infections ... 24 
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M 

•-5 




Sch 4 ; 8 *‘Flu” 

j 9 Tonsillitis, sinusitis 
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The records of the control group (no vitamin A given) were 
less good. Eleven of these 18 nurses, or 61%, were off duty 
because of respiratory infections. They suffered from twenty- 
four respiratory infections, necessitating 198 days off duty. 

No record was kept of the slight respiratory infections 
which did not put the nurses off work. 

As for non-respiratory infections, the difference between 
the two groups was slight. Four nurses in the group receiving 
therapy lost 50 days’ time; seven control nurses lost 59 days’ 
time. These infections included appendicitis, conjunctivitis, 
food poisoning, “digestive upsets,” mumps and infected 
fingers. 

The group receiving therapy did show a lower incidence of 
incapacitating respiratory infections but the numbers are so 
small that the results are not conclusive, 

CONCLUSIONS 

1. The eyes of forty healthy young pupil nurses were 
examined with a slit-lamp; 100% of them showed thickening 
of the bulbar conjunctivae. In other words, if one accepts 
the hypothesis of Kruse ( ’41), all of these nurses had suffered 
from avitaminosis A at some time prior to this examination. 
The forty nurses were then divided into two groups as nearly 
alike as possible as far as the transparency of their conjunc- 
tiva was concerned. One group was given 50,000 1.U. of vita- 
min A per day in two divided doses. The other group 
received similar placebos containing com oil. All of the nurses 
believed that they were receiving vitamin A and the obsei*ver 
did not know to which group any subject belonged. Thirty- 
four of the subjects took the capsules for a period of 2 years. 
Their conjunctivae were examined with a slit lamp at frequent 
intervals. With the use of this method it was not possible to 
determine which nurses were receiving vitamin A and which 
were not, except in the case of three individuals (two controls 
and one on therapy). In none of the subjects with conjunctival 
elevations at the beginning did therapy cause the elevations to 
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disappear. Tlioreforc one would conclude that the conjunc- 
tival thickening is not caused by a deficiency of vitamin A. 

2. Except for the first few hours after the 25,000 1.U. dose 
of vitamin A was taken, the blood vitamin A levels were sim- 
ilar to those in the control group. 
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It Las loiijf been believed that a good poultry diet could 
Jiot be formulated without including a certain amount of 
animal protein feeds. That such animal ]jroducts in the 
poultry diet are of distinct value is not doubled, but for some 
time, it has been a thought of ours that perhaps the contri- 
bution of these materials is not due so preponderantly to 
amino acids as has been supposed. More recently it has been 
(‘stablished that, in addition to amino acids, minerals, and 
the better-known vitamins, certain of these animal protein 
supplements contribute nutritional elements to a practical 
chick diet, the nature of which is not understood. The indi- 
cations are that these nutritional effects are due either to 
still unidentified substances or factors, vitamin-like in char- 
acter, or to certain little-understood relationships or inter- 
actions involving known nutrient materials. 

These findings have been an outgrowth of attempts to sub- 
stitute the more readily available plant protein sources, such 
as soybeans, for the animal protein feeds which were scarce 
during the war years. Such attempts led first of all to a 
recognition of methionine deficiency in soybeans. It is now 

’ Present address, Department of Chemistry. Colorado State (’allege, Fort Col* 
lins, Colorado. 

* Present address, Upjohn Company, Kalamazoo, Michigan. 
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well known that methionine supplements a chick diet which 
contains soybean oil meal as the major source of protein 
(Hayward and Hafner, ’41; Marvel, Garrick, Eoberts and 
Hauge, ’44). Almquist, Mecchi, Kratzer and 'Grau (’42) 
stated that heated soybean is slightly deficient in methionine 
for the chick at the 20% protein level, but is complete in 
respect to all other amino acids required by the chick. 

The value of fish meal in supplementing such a diet is also 
well known. Christiansen, Deobald, Halpin and Hart (’40) 
reported that chick rations in which soybean oil meal fur- 
nished the majority of the protein produced exceptionally 
good growth when 3 or 4% fish meal was added. They re- 
ported that sardine meal appeared to be superior to menhaden 
or whitefish meal in this respect. Carver and Evans (’43) 
stated that a soybean chick starter diet was etfectively 
supplemented by herring fish meal but not by meat scraps. 
Hammond and Titus ( ’44) reported that sardine fish meal is 
of outstanding value as a protein supplement to soybean 
meal, being superior to meat scrap or dried skim milk. They 
found that the protein of yeast failed to supplement the pro- 
tein of soybean. Bird and Mattingly ( ’45) in tests designed 
to determine if methionine would supplement their diet as 
effectively as fish meal, found a significant improvement in 
growth of chicks when 0.2% dl-methionine was added to a 
starting and growing mash based largely on corn and soybean 
oil meal, and reported that the growth stimulns due to tlie 
methionine slightly exceeded that obtained by supplementa- 
tion with 4% fish meal. They raised the question of the pos- 
sible existence in fish meal of a substance or substances other 
than methionine, capable of performing, at least in part, the 
same biological functions as methionine. They did not, how- 
ever, report feeding fish meal and methionine supplements 
together. Cravens, McGibbon, and Halpin (’45) found the 
addition of condensed fish press water dr ground fish viscera 
to be highly effective in supplementing a diet composed of 
yellow corn, wheat by-products, meat scraps, soybean oil 
meal, minerals, fish oil and riboflavin. 
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During the course of research in this laboratory, we have 
had occasion to investigate certain phases of this problem. 
Our results are reported here. 

EXPEBIMENTAL 

In an attempt to demonstrate the existence of an unidentified 
factor in fish meal, as indicated by work employing practical 
diets based largely on corn and soybeans, a purified diet was 
fed ad libitu m to single-comb White Leghorn cockerels. These 
chicks were fed in groups of ten, in electrically-heated metal 
cages in an air-conditioned room. The percentage composition 
of the purified ration was as follows : casein, vitamin-free 18.0 ; 
gelatin 10.0; soybean oil 5.0; gelatinized starch 52.7 ; and gel- 
atinized starch plus supplements q.s. to total 100. The sup- 
plements, in milligrams per 100 gm of ration, were as follows : 
NaCl, 836.8; K,HP04, 1611.1 ; CaHP04 • 2HA 1374.7 ; MgS04, 
249.0; CaCOg, 1498.7 ; FeC«H.,07 ‘ 6H20, 137.4; MnS04 • 4H2O, 
40.0; ZnCL, 1.25; CUSO4 • 5H20, 1.5; KI, 4.0; 1-cystine, 200.0; 
thiamine hydrochloride, 0.3; riboflavin, 0.6; pyridoxine hydro- 
chloride, 0.4; dl-calcium pantothenate, 3.0; nicotinic acid, 10.0; 
2-methyl-l,4-naphthoquinone, 0.5; i-inositol, 100.0; biotin, 
0.015; choline chloride, 150.0. Halibut liver oil containing 
60,000 U.S.P. units of vitamin A and 1,000 TJ.S.P. units of 
vitamin D per gram, fortified by the addition of 1,500 A.O.A.C. 
units of vitamin Dg per gram and 10.5 mg alpha-tocopherol 
acetate per gram, was fed orally at the rate of 2 drops per 
week. 

The results obtained on this purified ration are shown in 
table 1. The basal group failed to grow, as was expected, due 
to a lack of “folic acid.” No improvement resulted from the 
addition of fish meal to the purified ration,® contrary to the 
growth benefits noted with a corn-soybean ration. As a posi- 
tive control, yeast extract, which has been found to be of 
little benefit as a supplement to the corn-soybean ration, per- 
mitted -good growth on the purified diet. 

•Craveng, McGibbon and Halpin (*45) have since reported that condensed 
fish press water failed to improve growth on a purified diet. 
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In another part of our investigations, a semi-practical 
ration based largely on corn and soybean oil meal was em- 
ployed, and various supplements were used in our attack 
upon the problem. The basal rations used are shown in table 
2. All of these rations were calculated to contain 18% crude 
protein. Fat-soluble vitamins were fed orally at one-half the 
level used with the purified ration. 

TABLE 1 

Experiments with purified ration. 


AVERAGE BODY WEIGHT 


BUt'i'uAMHnt'rn 

1 week 

2 weeks 

.3 weeks 

4 weeks 


pm 

pm 

grn 

pm 

First experiment ‘ 

None 

57.1 

72,7 

83.6 

80.0 (8 dead) 

Menhaden fish meal, 3% 

54.2 

69.5 

83.2 

84.5 (6 dead) 

Second experiment 

None 

66.0 

87.8 

80.0 

(10 dead) 

Sardine fish meal, 2% 

65.8 

93.8 

110.5 

(10 dead) 

Sardine fish meal, 4% 

62.4 

85.6 

104.3 

(10 dead) 

Yeast extract, 1% 

73.6 

121.8 

185.2 

268.8 


‘Experiments were carried out with groups of ten chicks for each ration. 


TABLE 2 

Basal rations used. 


RATION NUMBER 

1 

2 

3 

4 

5 

Ingredients in per cent: 






Ground whole yellow corn 

69.5 

71.1 

72.5 

71.1 

72.5 

Heated extracted soybean oil meal, 






44% protein 

26.0 

22.4 

19.0 

22.4 

19.0 

Pacific sardine fish meal, 70% protein 


2.0 

4.0 



Cascin-gelatin-cystine mixture 




2.0 

4.0 

Corn starch plus supplements 

20 

2.0 

2.0 

2.0 

2.0 

Tricaleium phosphate 

2.0 

2.0 

2.0 

2.0 

2.0 

Iodized $alt 

0.5 

0.5 

0.5 

0.5 

0.5 

Supplements in mg per 100 gm ration: 






Manganese sulphate 

20.0 

20.0 

20.0 

20.0 

20.0 

Biboflavin 

0.3 

0.3 

0.3 

0.3 

0.3 

Pyridoxine hydrochloride 

0.3 

0,3 

0.3 

0.3 

0.3 

2-MethyM,4*Naphthoquinone 

0 04 

0.04 

0.04 

0.04 

0.04 
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results' 

The first step in our experimentation was to determine the 
extent to which methionine was able to supplement the basal 
ration (Ration no. 1). In repeated trials with this diet, we 
have found that the maximum effect of methionine supple- 
mentation can be obtained with 0.15%, or at the most 0.30%, 

TABLE 3 


Effect of methionine on basal ration. 


RATION 

ADDED 

METHIONINE 


AVERAGE BODY WEIGHT 


1 week 

2 weeks 

3 weeks 

4 weeks 

no. 

% 

am 

gm 

gm 

gm 

1 

0.0 

64.4 

113.2 

178.7 

247.1 

1 

0.15 

68.4 

121.2 

198.8 

291.8 

1 

0.30 

68.4 

122.6 

202.2 

301.8 

1 

0.60 

70.2 

124.2 

200.8 

301.4 

1 

1.20 

67.4 

111.8 

170.8 

241.8 


TABLE 4 

Results with methionine and fish meal. 

RATION 

ADDED 

METHIONINE 


AVERAGE BODY WEIGHT 


1 week 

2 weeks 

3 weeks 

4 weeks 

no. 

% 

gm 

gm 

gm 

gm 

1 


65.2 

103.2 

154.2 

202.0 

1 

0.15 

57.8 

116.0 

182.0 

252.0 

1 

0.30 

71.8 

120.7 

183.6 

252.2 

2 


71.6 

127.0 

203.6 

304.2 

2 

0.15 

74.2 

128.2 

207.1 

305.1 

2 

0.30 

69.5 

125.1 

206.4 

299.7 

3 


69.4 

127.6 

203.2 

306.8 

3 

0.15 

75.4 

130.2 

209.8 

305.4 

3 

0.30 

72.4 

120.6 

191.4 

282.8 


of dl-methionine : 0.60% was no improvement over 0.30%, 
and 1.20% methionine caused growth retardation. One such 
trial is presented in table 3. Consequently, in the subsequent 
trials with methionine and other supplements methionine has 
been fed at the 0.15 and 0.30% levels only. 

The results of the next experiment, involving fish meal 
as well as methionine, are shoum in table 4. In order to vis- 
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ualize more clearly the differences between total weight gains 
at 4 weeks due to methionine and fish meal as independent 
variables, the growth increment differences were obtained, 
by subtraction, from the 4 weeks’ column of table 4, and are 
presented in table 5, column 1. 

Since these increments show a beneficial effect of fish meal, 
even in the presence of an optimal level of methionine, the 
thought occurred to us that this beneficial effect might be due 
to the presence of known vitamins in the fish meal. In an 
attempt to rule out this possibility, the ration was supple- 
mented with the following ingredients (milligram per 100 

TABLE 5 


Growth increments at 4 weeks. 


WEIGHT GAIN DITl TO 0.3% METHIONINE 

IN THE PBESENCE OF VARYING AMOUNTS OF FISH MEAL 



Column 1 

Column 2 


ffvn 

gm 

Bation no. 1 (no fish meal) 

4- 50.2 

4 42.6 

Bation no. 2 (2,0% fish meal) 

~ 4.5 

- 13.2 

Bation no. 3 (4.0% fish meal) 

— 24.0 

1.4 

WEIGHT GAIN DUS TO 2.0% FISH MEAL 

IN THE PRESENCE OF VARYING AMOUNTS OF METHIONINE 



Column 1 

Column 2 


gm 

gm 

No methionine added 

4 102.2 

4 87.8 

0.15% methionine 

4 53.1 

4 38.0 

0.30% methionine 

4 47.5 

4 32.0 


gm of ration) : thiamine hydrochloride, 0.3 ; riboflavin, 0.6 ; 
pyridoxine hydrochloride, 0.4; dl-calcium pantothenate, 3.0; 
nicotinic acid, 10.0; 2-methyl-l,4-naphthoquinone, 0.5; i-inosi- 
tol, 100.0; p-aminobenzoic acid, 3.0; biotin, 0.015; and choline 
chloride, 150.0. When this supplement was used, the riboflavin, 
pyridoxine and 2-methyl-l,4-naphthoquinone levels listed in 
the basal ration were omitted. Vitamins A, Dj, and alpha- 
tocopherol were supplied orally as usual.' 

The results in the presence of this supplement were con- 
sistent with the previous results, as shown in table 5, column 
2. "^rhis indicated that the effect of fish meal in all probability 
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was not due to any of the constituents included in the supple- 
ment, or methionine. 

Our next step was to add 0.5% yeast extract* to the diet 
in addition to the supplement listed above. This was done 
in order to provide a source of folic acid activity, and also 
because Hill, Scott, Norris and Heuser (’44) had reported the 
possibility of a plant protein diet being deficient in uniden- 
tified factors supporting chick growth which could be supplied 
by feeding dried brewers’ yeast. Our results with yeast ex- 
tract are shown in table 6. 


TABLE 6 


Efect of yeast extract. 


RATION 



AVSEAGX BODY WEIGHT 



1 week 

2 weeks 

3 weeks 

4 weeks 

no. 


gm 

gm 

gm 

gm 

1 

Vitamins, choline 

71.4 

120.4 

178.8 

250.8 

1 

Vitamins, choline, 

0.30% methionine 

74.4 

128.4 

201.8 

293.4 

1 

Vitamins, choline, 

0.5% yeast extract 

76.4 

127.8 

204.0 

286.0 

1 

Vitamins, choline, 

0.30% methionine, 
0.5% yeast extract 

72.4 

125.0 

198.8 

289.2 


We next attempted to determine the extent to which the 
amino acids present in the fish meal protein were responsible 
for its growth stimulation. Using the amino acid analysis 
from Block and Bolling (’45), by calculation it was deter- 
mined that a mixture containing 1296 gm of vitamin-free 
casein, 144 gm of gelatin and 5 gm of cystine should provide 
the amino acids known to be required by chicks at levels ap- 
proximately equal to those contained in fish meal. Such a mix- 
ture was prepared, and substituted for fish meal at equivalent 
levels in rations 4 and 5 (table 7). 

* standard Brands Type III. 
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TABLE 7 


Effect of casein mixture. 





AYSRAUE BODY WEIGHT 



1 week 

2 weeks 

3 weeks 

4 weeks 

no. 


gm 

gm 

gm 

gm 

1 

(basal) 

63.4 

106.4 

153.0 

197.8 

2 

(2.0% fish meal) 

66.6 

118.8 

202.8 

294.6 

3 

(4.0% fish meal) 

68.6 

124.8 

202.8 

306.9 

4 

(2.0% casein mixture) 

60.6 

98.2 

147.4 

211.2 

5 

(4.0% casein mixture) 

63.6 

103.6 

159.4 

212.6 


DISCUSSION 

From the data in tables 4 and 5 it appears evident that sar- 
dine fish meal supplements the basal diet more completely than 
methionine. In the presence of fish meal, added methionine 
was of little value, although methionine did supplement the 
diet, to a lesser extent, when fish meal was absent. On the 
other hand, a diet containing optimal levels of methionine, 
according to our findings, was still incomplete and benefitted 
materially from further supplementation with fish meal. This 
beneficial effect of fish meal occurred over and above any 
supplementary effect of methionine, choline, or any of the 
identified vitamins known to be required for chick growth. 

From table 6 it appears that the addition of 0.5% yeast ex- 
tract to the basal diet containing the vitamin mixture plus 
choline did exert some positive effect upon growth. However, 
a 0.30% methionine supplement likewise increased growth 
without yeast extract, and the presence of yeast extract in 
addition to methionine did not induce greater growth than 
that obtained with methionine alone. Hence we have con- 
cluded that the unknown factor present in sardine fish meal 
which supplemented the rations containing 0.30% methionine 
is probably not directly related to the unknown factor in 
brewers’ yeast. 

The casein-gelatin-cystine mixture (table 7) failed to in- 
crease gain in weight significantly above the basal level, 
whereas the fish meal levels fed as positive control groups 
repeated past performance. From this evidence it appears 
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doubtful if a deficiency of amino acids other than methionine 
is likely to be the first limiting factor in our basal ration. As 
further evidence, we have obtained, in preliminary work, a 
water-soluble fraction from sardine fish meal which effectively 
supplements the basal ration when added at low levels, as 
shown in table 8.® We have attempted to eliminate the prob- 
ability that choline, methionine, known vitamins, or unknown 
factors present in yeast extract, are responsible to any major 
extent for the effect produced wdth sardine fish meal. Our 
trials with the casein mixture, and with the fish meal fraction, 
tend to indicate that we are dealing with an unknown factor. 


TABLE 8 

Effeei of fish meal fraction. 


RATION 

ri8H MKAL 
TRACTION 


AVERAGE BODY WEIGHT 


1 we#*k 

2 weeks 

3 weeks 

4 weeks 

no. 

Vr 

am 

am 

am 

gm 

1 


68.2 

105.6 

166.8 

220.2 

1 

0.06 

75.8 

122.0 

211.6 

298.8 

1 

0.12 

72.2 

115.6 

201.6 

300.8 

2 


73.2 

124.6 

212.0 

332.2 

3 


74.4 

128.6 

222.0 

324.6 


present in sardine fish meal, and required at the low levels 
commonly associated with vitamins rather than amino acids. 

The results with the purified ration, however, are difficult 
to reconcile since it appears that the postulated unknown 
factor in fish meal is needed for growth on the corn-soybean 
basal diet but is of no value when added to a purified diet. 
It might be presumed that this failure was due to a primary 
lack of “folic acid” in the purified diet, which was not sup- 
plied by the fish meal, and because of this the secondary de- 
ficiency of another unknown factor did not manifest itself. 
This is hardly likely in view of the results with yeast extract, 
since it would be necessary to assume then that yeast extract 

® Berry, Carrick, Roberts and Hauge (’45) have since reported that a water 
extract of fish press water containing only a small percentage of protein had 
most of the supplementary value of whole fish press water. 
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contained the same unknown factor (in addition to “folic 
acid”) as fish meal and this did not appear to be the case 
from the feeding trials in which yeast extract was added to 
the corn-soybean ration. Another alternative is that the casein 
or gelatin could be a source of the unknown factor in the 
purified diet, but this hypothesis fails in view of the negative 
results obtained when casein and gelatin were used to replace 
fish meal in the corn-soybean diet. 

A more likely explanation is that fish meal increases chick 
growth on a corn-soybean diet by supplying some factor, 
known or unknown, whose requirement has been augmented, 
or created, by the presence of corn and/or soybean oil meal 
in tb,e diet. This would explain the failure to discover any 
such factor using the purified diet. If this should prove to be 
the case, the factor present in sardine fish meal would be 
of great practical importance nevertheless, since corn and 
soybeans are likely to continue to enjoy widespread use in 
poultry diets. 

SUMMARY 

A study was made of the extent to which dl-methionine and 
sardine fish meal are able to supplement a chick ration con- 
taining proteins from corn and soybeans only. Such a diet 
appears to be lacking in an unknown growth factor which is 
present in sardine fish meal. There is some evidence that the 
need for this factor is a peculiarity of the corn-soybean diet. 

LITERATURE CTTED 

Almqitist, H. J., E, Mecchi, F. H, Kbatzer and C. B. Gbatt 1942 Soybean 
protein as a source of amino acids for the chick. J. Nutrition^ vol. 
24, p. 385. 

Bbrbt, E. P., 0. W. Cabbick, B. E. Bobebts and S. M. Hauob 1945 Condensed 
' fish press water and fish liver meal in chick rations. Poultry Sci., vol. 
24, p. 270. 

Bird, H. B., and J. P. Mattingly 1945 Addition of dl-methionine to start- 
ing and growing mashes. Poultry Sci., vol. 24, p. 29. 

Block, B. JT., and Diana Bolling 1946 The Amino Acid Composition of Pro- 
teins and Foods. Charles 0. Thomas, Springfield, Dlinois. 

Cabvbb, j. S., and B. j. Evans 1943 Animal and vegetable protein combina- 
tions in chick starting ration. The U. S. Egg and Poul. Mag., vol. 
49, p. 468. 



ANIMAL PROTEINS IN CHICK DIETS 


495 


Christiansen, J. B., H. J, Bbobald, J. G. Halpin and E. B. Hart 1940 Prac- 
tical supplements for soybean oil meal in chick rations. Poultry Sci., 
vol. 19, p. 18. 

Cravens, W. W., W. H. McGibbon and J. G. Halpin 1945 The value of certain 
supplements in practical chick rations containing adequate riboflavin. 
Poultry ScL, vol. 24, p. 305. 

Hammond, J. C., and H. W. Titus 1944 The use of soybean meal in the diet 
of growing chicks. Poultry Sci., vol. 23, p. 49. 

Hayward, J. W., and F. H. Hafner 1941 The supplementary effect of cystine 
and methionine upon the protein of raw and cooked soybeans as 
determined with chicks and rats. Poultry Sci., vol. 20, p. 1 39. 

Hill, F. W., M. L. Scott, L. C. Norris and G. F. Hbuser 1944 Deficiency of 
unidentified vitamins in practical chick rations. Poultry Sci., vol. 23, 
p. 253. 

Marvel, J. A., C. W. Carrick, R. E. Roberts and S. M. Hauoe 1944 The sup- 
plementary value of choline and methionine in a corn and soybean 
oil meal chick ration. Poultry Sci., vol. 23, p. 294. 




PANTOTHENIC ACID DEFICIENCY AND 
REPRODUCTION IN THE RAT ^ 

MARJORIE M. NELSON AND HERBERT M. EVANS 
Institute of Experimental Biology, University of California^ Berlceley 


(Received for publication November 8, 194^) 


The importance of pantotlienic acid for normal reproduc- 
tion and embryonic development in the chick has been stressed 
by several investigators, e.g., Bauernfeind and Norris (’39), 
Gillis, Heuser, and Norris (’42), and Pearson et al. (’45). 
However, little is known concerning the effects of pantothenic 
acid deficiency on reproduction in rats. In general, it may be 
said that in chronic nutritional deficiencies with prolonged 
survival, the oestrous cycle is irregular or absent (Evans and 
Bishop, ’22 a). In severe, acute deficiency in pantothenic acid 
it is known that the majority of animals do not mature be- 
fore they die (Figge and Allen, ’42). The study of repro- 
ductive phenomena in partial prolonged pantothenic acid 
deficiency has not, as far as we are aware, been reported by 
any investigator.* 

If a pantothenic acid deficient diet is given to rats on the 
day of parturition, little interference with lactation is shown 
since 83% of the young are weaned.* Therefore, it seemed 

' Aided by grants from the Board of Research and from the Department of 
Agriculture of the University of California, and the Rockefeller Foundation, 
New York City. The following materials were generously contributed: crystalline 
B vitamins from Merck and Company, Inc., Rahway, New Jersey; synthetic 
alpha- tocopherol from Hoffmann-LaRoche Company, Nutley, New Jersey. 

*Tn this laboratory we have occasionally succeeded in breeding female rats 
deficient in the filtrate fraction of the B complex but failure of implantation or 
resorptions has always resulted (Evans and Emerson, unpublished). 

* Nelson, M. M., and H. M. Evans — In preparation. 
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of interest to place normal female rats on pantothenic acid 
deficient diets at intervals during gestation or even before 
mating to see whether any upsets in the reproductive function 
would occur. Jukes ( ’40) mentioned the occurrence of resorp- 
tions in part of a group of stock rats placed on pantothenic 
acid deficient diets at mating. Sure (’41) noted that repro- 
duction on purified diets without the addition of calcium 
pantothenate was very abnormal since either “sterility” of 
the mother or a high incidence of still births in the young 
resulted. 

EXPERIMENTAL 

Normal female rats, 2 to 5 months of age, were bred with 
normal males and placed on the experimental diets the first 
or the thirteenth day of gestation. Other groups of rats were 
maintained on pantothenic acid deficient diets for 15 days and 
then bred as rapidly as possible. Paired-feeding studies were 
carried out with some groups. Vaginal smears were examined 
during gestation for the presence of erythrocytes, the sign 
that implantation has occurred; all rats were weighed at 
regular intervals. The deficient and control groups .were 
carefully balanced according to body weight and age at the 
time of breeding. All rats were kept in cages with screens 
until the day before littering was expected to occur. 

Two basal deficient diets, differing only with respect to the 
levels of the B vitamins and to the composition of the salt 
mixture, were used. Both diets were composed of 24% 
alcohol-extracted casein, 64% sucrose, 8% hydrogenated 
cottonseed oil,* and 4% salts. The deficient diet 841 con- 
tained McCollum salts No. 185 * and the following B vita- 
mins per kilogram diet; thiamine HCl 2 mg, pyridoxine 
HCl ^mg, riboflavin 5 mg, p-aminobenzoic acid 5 mg, nico- 
tinic acid 10 mg, inositol 200 mg, and choline HCl 0.5 gm. 
The corresponding control diet 831 contained, in addition, 
28 mg calcium pantothenate per kilogram diet. These vita- 
mins were added to the diet in the form of a 20% alcoholic 

* Criaco. 

'McCollam and Simmonda (^18). 
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solution. The deficient diet 846 contained an improved salt 
mixture, salts No. 4,® and higher levels of the same B vita- 
mins; thiamine HCl 5 mg, pyridoxine HCl 5 mg, riboflavin 
10 mg, p-aminobenzoic acid 10 mg, nicotinic acid 20 mg, 
inositol 400 mg, and choline HCl 1.0 gm. The corresponding 
control diet 836 contained, in addition, 50 mg calcium panto- 
thenate per kilogram diet. These vitamins were added to the 
diet as a dry mixture with sucrose. Fresh batches of all diets 
used were made up weekly, placed in dark bottles, and kept 
in the refrigerator except when the diet was being fed. Every 
deficient and control rat received weekly a fat-soluble vita- 
min mixture by stomach tube or in supplement cups 
that furnished a minimum of 400U.S.P. units vitamin A, 
58A.O.A.C. Chick Units vitamin D, 3 mg synthetic alpha- 
tocopherol,^ and 325 mg com oil.® 

Experimental diets started the thirteenth 
day of gestation 

There was no significant difference in reproductive per- 
formance between the deficient and control groups as judged 
by the average number of young born and their average weight 
at birth (table 1). 

Experimental diets started the first day of gestation 

Marked upsets in the reproductive function were observed 
with this procedure. Approximately one-third of the rats in 
both deficient groups underwent resorptions instead of litter- 
ing (table 1). This is in agreement with the findings of 
Jukes (’40). These resorptions were confirmed in each case 
at autopsy by finding several sites of resorption in the uterus. 
The remainder of the deficient rats littered but the average 
weight of the young at birth was significantly decreased. In 
the case of the rats maintained on the deficient diet 841, the 
average number of young per litter was also decreased. In 

'Regated et al (’41). 

^ Hoffmann-LaRoche. 

* Mazola. 
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Effect of pantothenic acid deficiency on reproduction. 
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the group on the deficient diet 846 two of the seven litters 
were found in the uterus at autopsy and consisted of some 
living fetuses, some dead, and others in the process of 
resorption. 

Experimental diets started 16-23 days 
before breeding 

In this experiment all rats were placed on the deficient diets 
for 15 days. Then they were bred as fast as possible with 
normal males. Half of them were continued on the deficient 
diets and the other half placed on the control diets the day 
of breeding. The average length of time for all rats on the 
deficient diet before breeding was 18 days for diet 841 and 
19 days for diet 846. 

Approximately one-third of the deficient rats failed to 
implant (table 1), thus indicating a marked interference with 
the reproductive mechanism. Of the rats maintained on diet 
841, 50% of the implantations underwent resorption, while 
100% of the implantations on diet 846 resorbed. This was 
confirmed in each case by examination of the uterus at autopsy. 
Of the four litters that were obtained from rats maintained 
on diet 841, one of .them was found in the uterus at autopsy 
and consisted of some living fetuses, some dead, and others 
in the process of resorption. Furthermore, the average num- 
ber of young per litter and their average weight at birth 
were significantly decreased in comparison with control 
values. 

In the “control” rats, which received pantothenic acid on 
the day of breeding, the only indications of damage to the 
reproductive mechanism from maintenance on the deficient 
diets for 2 to 3 weeks before breeding were of doubtful sig- 
nificance, i.e., the slightly decreased number of young per 
litter and the failure of implantation for one rat maintained 
previous to breeding on diet 841. 

Effect of limited dietary intake on gestation 

To eliminate the factor of undemutrition, pair-fed controls 
were added to the previous experimental procedure. Of the 
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rats maintained on the deficient diet 841 for 15 days before 
breeding, one-third of them were continued on the deficient 
diet and their dietary intake measured daily; one-third of 
them received 1 mg calcium pantothenate daily plus the same 
quantity of diet 841 consumed by the corresponding deficient 
rats on the same day of gestation ; and the remaining one-third 
received Img calcium pantothenate daily plus diet 841 ad 
libitum. The rats were carefully paired in respect to age and 
body weight on the day of mating and with regard to the 
weight change during the first 15 days on the deficient diet. 
To guard against the possibility of a vitamin E d^ciency, 
the quantity of fat-soluble vitamins given weekly was doubled. 

The experimental data are shown in table 2. In the deficient 
group three rats failed to implant, four rats resorbed, and 
four rats littered. In the control group restricted in calories, 
only two rats failed to implant and the remainder of the rats 
oast litters. The restriction in calories varied from 43-84% 
(average 69%) of the food intake by rats given the diet ad 
libitum. The increased efficiency of food utilization by rats 
receiving pantothenic acid can be seen by comparing the 
weight changes during the 22-day gestation period of the 
deficient and caloric control rats, regardless of the occurrence 
of implantation. 

The average number of young per litter and their average 
weight at birth were the same for both control groups, despite 
the difference in food intake. However, the rats receiving the 
diet ad libitum gained much more during gestation than did 
the rats restricted in calories. 

Growth and survival of suckling young rats 

The growth and survival of the deficient suckling young 
bom under the experimental conditions are shown in table 3. 
The data for young deficient in pantothenic acid from birth 
are included for comparison. Increasing the period of the 
deficiency decreased both growth and survival proportionally. 
In every case the use of the deficient diet 846 instead of diet 
841 seemed to accentuate the deficiency. This may also be 
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TABLE 2 

JEfeet of pantothenic acid deficiency and limited caloric intake on reproduction 
deficient diet started 16-23 days before gestation. 


! 

XXPSBIMENTAL 

GROUP 

) 

RAT 

BODY 

WT. 

AT 

MAT- 

ING 

WT. 

CHANGE 
DURING 
GESTA- 
TION » 

AV. 
DAILY 
FOOD 
IN- 
TAKE 1 

Im- 

planta- 

tion 

RESULT C 

No. 

implan- 

tation 

sites 

>F BRESDINC 

No. of 
youns 
cast * 

Av. wt. 
younx 

1 


gm 

gm 

gm 




gm 

Diet 841 

1 

196 


0 

9.9 

— 

0 



pantothenic ' 

2 

200 

— 

22 

7.3 

— 

0 



acid deficient 

3 

211 


7 

10.2 

— 

0 




4 

223 


5 

12.8 

+ 

8 

0 


1 

5 

235 

— 

34 

8.6 

+ 

7 

0 



6 

244 


16 

14.3 

+ 

8 

0 



7 

268 


13 

12.9 

+ 

12 

0 



8 

240 

-h 

32 

11.9 

+ 

9 

4* 

4.0* 


9 

250 


48 

13.8 

+ 

10 

8+1 

4.8 


10 

265 


44 

13.3 

+ 

n 

5 

5.4 


11 

296 

+ 

12 

10.4 

+ 

14 

9 

3.8 

Diet 841 + CaP" j 

1 

186 

+ 

4 

9.9 


0 



paired j 

2 

202 

— 

2 

7.4 

+ 

8 

3 

5.7 

feeding | 

3 

201 


38 

10.2 

+ 

9 

9 

5.2 

controls i 

4 

2^0 


63 

12.7 j 

+ 

11 

10 

5.2 

1 

5 

236 

— 

19 

j 8,6 

— 

0 




6 

240 j 

-f 

87 

1 14.3 

! + 


11 

5.6 


7 

270 


68 

13 0 

+ i 

9 i 

9 

6.0 


8 

242 

+ 

65 

11.9 

+ i 

10 

8 

6.1 

1 

9 

255 

-f 

71 

13.8 

+ 1 

1 » 

9 

5.3 



259 

-f 

69 

13.3 

+ 

: 10 

9 

5.6 


11 

280 1 

+ 

45 

10.4 

+ 1 

i « 

7 

5.7 

Diet 841 -fCaP" ; 

1 

175 

-h 

22 

13.2 

— 

0 



ad libitum 

2 

202 


74 

13.3 

+ 

1 1^ 

9 

5.9 

controls 

4 

218 

-f 

96 1 

17.1 

+ 

10 

9 

5.9 


5 

236 

-f 126 

20.1 

+ 1 

1 7 i 

7 

6.1 


6 

246 

+ 

99 

17.0 

+ I 

11 

0 + 3 

5.0 


7 

258 

-1- 

84 

17.8 

+ ! 

10 

10 

6.3 

1 

8 

244 , 

-f 

84 

16.6 

+ 

s 

5 + 2 

5.4 

1 

9 

256 


96 

18.8 

+ 

8 

8 

5.8 

1 

10 

262 

+ 100 

18.4 

+ 

9 

9 

5.8 

i 

i 

11 

270 

+ 

99 

16.3 

+ 

10 

10 

6.2 


* Data determined during the 22 days following mating. 

^ Living plus dead. 

* These young were living foetuses found in the uterus at autopsy. 

* 1 mg calcium pantothenate daily. 
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noted in the data on reproductive performance (table 1). 
This effect may be due to improvements in the basal diet 
which improve growth and so increase the pantothenic acid 
requirement or to the presence in larger amounts of some 
factor accentuating pantothenic acid deficiency such as nico- 
tinic acid (Morgan and Simms, ’39) or choline (Mills 
et ah, ’40). 

DISCUSSION 

Many different dietary conditions have been reported to 
cause resorption in the pregnant female rat: inanition (Barry, 
’20), vitamin E deficiency (Evans and Bishop, ’22 b), vita- 
min A deficiency (Sure, ’28), a deficiency in the essential fatty 
acids (Burr and Burr, ’30), a low protein intake (Guilbert 
and Goss, ’32), vitamin B deficiency (Ueno, ’34), filtrate 
factor deficiency,® pantothenic acid deficiency (Jukes, ’40), 
ribofiavin deficiency (Warkany and Nelson, ’42), tryptophane 
deficiency (Albanese, Randall and Holt, ’43), and very re- 
cently, biotin deficiency (Kennedy and Palmer, ’45). In some 
of the studies reported the interpretation of results is difficult 
because of the concurrent effects of inanition and of one or 
more specific dietary deficiencies. This is particularly true 
in the case of the vitamin B deficiency reported by Ueno ( ’34). 
Furthermore, all early work done on inanition probably in- 
cluded qualitative as well as quantitative deficiencies. 

In the case of pantothenic acid deficiency, the experimental 
data given here shows that restriction of calories to 69% (or 
lower in a few cases) of the normal intake did not produce 
resorptions. In the deficient groups of rats that resorbed, 
the average daily food intake averaged 12.2 gm daily or 69% 
of the calorie intake of controls given the diet ad libitum 
whereas the deficient rats that littered averaged 12.4 gm daily 
or 70% of the ad libitum intake, thus revealing a lack of cor- 
relation between food intake and reproductive behavior. 
Furthermore, the possibility of dietary deficiencies other than 
that of pantothenic acid as a cause of resorptions under these 

* Evans and Emerson, unpublished. 
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conditions can be eliminated by the fact that the pantothenic 
acid-fed group restricted in calories did not undergo resorp- 
tions. With regard to the specific question of adequate vita- 
min E, the deficient rats in the last experiment received a 
minimmn of 18 mg alpha-tocopherol by the fifth day following 
mating. On the usual unpurified high-fat E-low diet used 
for bioassays 3 mg of alpha-tocopherol will prevent resorp- 
tions in standardized E-low females (Evans et al., ’36). On 
purified low-fat diets the requirement for vitamin E is de- 
creased (Gottlieb et al., ’43). • 

SUMMARY 

Reproduction has been studied in normal adult female 
rats placed on purified diets deficient in pantothenic acid 
before or during the gestation period. 

Pantothenic acid deficiency instituted on the thirteenth day 
of gestation did not interfere with the reproductive function. 
Pantothenic acid deficiency instituted 16-23 days before 
mating or as late as the day of mating always resulted in 
failure of implantation, resorption, or defective litters. 

The normality of reproduction in pantothenic acid-fed con- 
trols restricted in calories eliminated the factors of inanition 
and of other specific dietary deficiencies as causes for these 
marked upsets in reproduction. 
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The significance of physiological and pathological factors 
in the production of fibrinogen by Mammalia has been studied 
by a number of investigators (Foster and Whipple, 
’22 a, b,c, d; Schultz, Nicholes and Schaefer, ’25; Vars, ’30; 
Ham and Curtis, ’38*). The studies of Whipple (’14), Meek 
( ’12) and Foster and Whipple ( ’22 a, b, c, d) on varied phases 
of the formation of blood fibrinogen led to the important con- 
clusion that the liver is the only potential source of fibrinogen, 
and more recent investigations have confirmed this view 
(Smith, Warner and Brinkhous, ’37). 

Although it was recognized at least as early as 1908 that 
the degree of liver injury resulting from toxic agents could be 
influenced by the dietary regime (Wells, ’08; Davis and 
MTiipple, ’19; Miller and Whipple, ’42; Neale and Winter, 
’38 ; Field, Graf and Link, ’46), that dietary substances, per se, 
were concerned in fluctuations of blood fibrinogen was ap- 
parently first suggested by Foster and Whipple ( ’22 b). Their 
trials indicated that diets rich in animal protein, as meat, 

* Aided by a grant from Wyeth, Inc., Philadelphia. We are indebted to Hoff- 
mann'LaRoche, Inc., Nutley, N. J., for Ephynal (d,l -alpha tocopherol acetate) 
and Synkayvite (tetrasodium salt of 2-methyM,4 naphthohydroquinone diphos- 
phoric acid); Armour, Inc., Chicago, Til., for the whole dried hog and beef 
liver; the Wilson Laboratories, Cliicago, 111., for liver fraction L; Parke-Daris 
and Co., Detroit, Mich., for the thrombin. 

* The extensive literature on this subject is treated in the selected references 
mentioned here. 
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liver, etc., favored higher levels of fibrinogen in the dog than 
diets rich in fat and carbohydrates, or fasting, alone.** Vars 
( ’30) reported that high protein diets act only as a transient 
stimulus to fibrinogen production in the dog and he concluded 
that the type of protein did not play any significant role in 
determining the response. In contrast to these experimental 
studies, Ham and Curtis ( ’38) did not find that fasting or food 
ingestion altered the pre-test fibrinogen levels in normal 
human subjects. However, the ingestion by humans of 
moderate or large amounts of animal protein produced a mild 
fibrinogen response. That “active substances” in animal pro- 
teins (Foster and Whipple, ’22, p. 409) are involved obtains 
some support in the finding of Field, Sveinbjornsson and 
Link (’45), that certain xanthine (purine) substances are 
capable of elevating the plasma fibrinogen of dogs and rabbits. 

In this laboratory, an earlier investigation (Field and Dam, 
’45) indicated that the plasma fibrinogen of chicks could 
readily be altered by manipulation of the diets.'* These results 
are given here, as is a resume and additional findings, which 
indicate that the fibrinogen levels of avian species are influ- 
enced by dietary means in a manner similar to Mammalia. 

METHODS 

Approximately 200 day-old White Leghorn chicks were used 
in these investigations. Five to ten chicks were usually placed 
in each experimental and control group. They were fed either 
of two diets, a commercial growing chick ration or synthetic 
ration (table 1). 

Blood samples were taken at weekly intervals. Nine-tenths 
milliliter of blood was withdrawn by cardiac puncture without 
.anesthesia into a syringe containing 0.1 ml of 0.1 M sodium 
oxalate. Control fibrinogen, plasma protein, hematocrit de- 

*An historical review is given in Davis and Whipple ('19), 

* In this communication we prefer to express our findings in terms of plasma 
fibrinogen^ the precursor of the gel-protein, fibrin. It has been customary to con- 
sider fibrin and fibrinogen as similar chemical entities (protein), the significant 
difference being simply a physical insolubility of the fibrin. 
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terminations and weight measurements used as criteria indi- 
cated that the sampling procedure provoked no abnormalities. 

Total plasma protein was determined by a standard colori- 
metric procedure (Greenberg, ’29). Plasma fibrinogen was 
determined by a modification (Beiner, ’41) of the colorimetric 
method of Folin and Ciocalteu (’27) as measured with a 
photoelectric colorimeter. However the fibrin clot obtained 
with chick plasma could not be manipulated with a stirring 
rod as is done in handling mammalian plasmas. The clot, 

TABLE I 

Composition of basal rations. 


STOCK RATION * 

SYNTHETIC RATION 

fftn 

Corn meal 

Casein (alcohol -extracted) 

15 

Hominy feed 

Dried yeast (ether-extracted)® 

10 

Pulverized oats 

Salt mixture * 

7.2 

Pulverized barley 

Gelatin 

8 

Wheat bran and middlings 

Gum arable 

5 

Soy bean oil meal 

Choline chloride 

0.1 

Alfalfa meal 

1 -cystine 

0.1 

Moat scraps 

Sucrose 

54.6 

Bone meal 

Vitamin K substitute® 

.001 

Gluten meal 

Vitamin A, D concentrate “ 


Distiller’s grain with solubles 

1 drop twice weekly 



Dried skim milk and buttermilk 

Dried whey 

Limestone 

Salt plus Mn 

Fortified fish liver oil 

Wheat germ oil 

* Marketed as Mystic Starting and Growing Mash^^ by Newman Brothers Grain 
Co., Rochester. The exact composition of the diet was refused. Guaranteed 
analysis: crude protein, not less than 20%; crude fat, not less than 3.5%; crude 
fiber, not more than 7%. 

* Fleischmann type 2019. 

* McCollum salt mixture no. 185 7.16 gm, KI 0.966 mg, CUSO4 • 5 HjO 9.93 mg, 
Mn804 • 4 H,0, 39.8 mg. 

* Tetrasodium salt of 2*methyl-l,4-naphthohydroquinone diphosphoric acid 
(Synkayvite-Roche) . 

’^Consists of: vitamin A concentrate from fish liver oil (containing 10® units per 
gm) 0.300 gm, vitamin D concentrate (Delsterol, containing 200,000 chick units 
per gm) 0.200 gm, oleic acid 24,500 gm. The concentrates were obtained from 
Distillation Products, Inc., Rochester. One drop (29 mg) represents 350 units A 
and 46 chick units D. 
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developed in a 15 ml centrifuge tube, was broken into small 
threads and fragments by vigorous stirring with the rod, 
centrifuged down to a mat, and both tube and clot were freed 
of the plasma protein in the supernatant layer by repeated 
washing with distilled water. The fibrin was hydrolyzed, and 
the color developed in a standard manner (Reiner, ’41). 

Fibrinogen content of plasma from chicks 
'with avitaminosis K 

The need for further modification in the procedure for 
measuring plasma fibrinogen of chicks became evident from 
a study of the fibrinogen level of chicks raised on a vitamin 
K-free diet. The fibrin clot obtained from these chicks was 
developed with difficulty and gave abnormally low values. 
However, this tendency was not a characteristic of the hypo- 
prothrombinemia of a vitamin K deficiency. The plasma 
fibrinogen from several chicks receiving the same synthetic 
diet supplemented with adequate quantities of vitamin K was 
similarly depressed. The addition of small amounts of bovine 
thrombin * served to restore normal coagulation and give 
optimum fibrinogen values. Variations in the quantity of 
thrombin added did not measurably affect the fibrinogen 
values (Seegers, Nieft and Loomis, ’45). The standard pro- 
cedure adopted consisted of adding approximately 0.5 mg 
thrombin (approximately 15 Iowa units in solution with cal- 
cium chloride) to 0.4 ml oxalated plasma diluted to 10 ml with 
saline solution. 

In several trials, duplicate determinations of the plasma 
fibrinogen were performed using the colorimetric procedure 
and a gravimetric method (Foster and Whipple, ’22 a). The 
valiles obtained with both methods were in agreement. 

EXPERIMENTAL 

Effects of basal diets on fibrinogen levels 

In the initial tests, a synthetic diet was used which differed 
only slightly from that given in table 1 (alcohol-extracted 


• Parke-Davis, 
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casein 15 gm, ether-extracted brewer’s yeast 7.5, gelatin 8, 
salt mixture 5, gum arabic 5, cystine 0.1, cod liver oil 5, 
d,l-alpha tocopherol acetate 0.005, and corn starch 54.4). This 
basal diet was supplemented with either 0.5 gm choline 
chloride, at the expense of the corn starch, or 0.003 gm of a 
vitamin K compound, the ^etrasodium salt of 2-methyl-l,4- 
naphthohydroquinone diphosphoric acid.® The fibrinogen 
levels of 4-week old chicks receiving the basal diet noted above, 
supplemented with either vitamin K or choline, and chicks 


receiving the natural ration, are given in table 2. 

TABLE 2 

Plasma fibrinogen levels of d-u'eeJc-old chicks.^ 

High 

DIET 

AVERAGE AND S.D.“ 

RANGE 


mg % 

mg % 

Basal synthetic diet 

423 ± 133 

285-594 

Basal plus vitamin K * 

435 ±: 96 

319-602 

Basal plus choline 

505 ± 44 

385-590 

Control natural diet 

245 ± 66 

171-335 


* Average of 9 chicks in each group. 

* Standard deviation. 

*Free of vitamin K and low in choline (see text). 

* Synkayvite-Koche (tetrasodium salt of 2*mefhyM,4-naphthohydroquinone di- 
phosphoric acid) 30 mg per kg ration. 

* Cholino chloride, 5 gin per kg ration. 

fibrinogen values were common to the plasma of all chicks 
raised on the basal synthetic diet irrespective of its choline 
or vitamin K content, whereas the fibrinogen in chicks raised 
on the natural ration was relatively low. The growth of the 
chicks receiving the natural ration was somewhat greater 
than those given the synthetic diet. After 4 weeks, the average 
weights were as follows : basal synthetic diet 143 gm, plus 
vitamin K 128 gm, plus choline 166 gm, natural ration 208 gm. 
The plasma prothrombin time of the chicks given either the 
natural ration or the synthetic diet supplemented with vita- 
min K was within the normal range, whereas the prothrombin 
time of the chicks given the unsupplemented or choline-sup- 
plemented synthetic diet was drastically prolonged (Field 
and Dam, *45). 

* Synkayvite-Roche. 
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Interchanging rations of chicks 

Two groups of chicks were fed either the basal synthetic or 
the natural ration (table 1) for 4 weeks. The fibrinogen levels 
at this time were characteristically elevated in the chicks re- 
ceiving the synthetic ration, and Relatively low in the chicks 
receiving the natural ration (table 3). When the animals were 
shifted from one diet to another the capacity of the synthetic 
ration to increase fibrinogen values appeared within 4 days 
while at the end of 1 week the fibrinogen levels had increased 


TABLE 3 

Plasma fibrinogen levels of chickSf raised on the basal synthetic and natural rations, 
when diets were interchanged.^ 


WEEKS ON 
RATION 


GROUP 1 
Plasma fibrin ORen 


GROUP 2 

Plasma fibrin ORen 



AveraRe 

RanRC 

Average 

Range 

4» 

tnff % 

437 

mg % 

334-509 (Synthetic 
ration) 

00 

mg % 

152-202 

(Natural 

ration) 

1 

301 

258-360 (Natural 
ration) 

550 

397-699 

(Synthetic 
ration ) 

2 

3.32 

279-395 (Natural 
ration) 

427 

359-495 

(Synthetic 

ration) 

3 

263 

194-365 (Natural 
ration) 

391 

345-436 

(Synthetic 

ration) 


^ Average of 5 chicks in each group. 

* The chicks were 4 weeks old at the time the diets were exchanged. 


to 300% over the levels which the chicks maintained on the 
natural ration. The precipitous increase leveled off and re- 
adjustment to slightly lower values occurred in subsequent 
weeks (table 3). Chicks changed from the synthetic ration to 
the natural ration underwent a less abrupt change. The 
initially elevated fibrinogen values were reduced after the 
chicks had consumed the natural ration for 1 week, and the 
decrease progressed during subsequent weeks. 
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Effect of high vitamin K intake 

The fibrinogen levels of chicks reared on diets free of vita- 
min K or supplemented with minimum quantities of the 
naphthoquinone sufficient to prevent a hypoprothrombinemia 
(Dam, ’42) were similar (table 2). Palladia (’45) has stated 
that vitamin plays a role in the fabrication of fibrinogen, 
while Field and Link (’45) found that large single oral doses 
of various forms of vitamin K not only induce a state of 
temporary hyperprothrombinemia but may also temporarily 
elevate the fibrinogen levels in some rabbits.'^ The effect of 
a continued high vitamin K intake in chicks was tested by 
adding 0.03 gm of a vitamin K-substance * to a kilo of the 
natural (vitamin K-eontaining) ration given 3- week old 
chicks. The fibrinogen levels of the chicks were increased 
after they had consumed the supplemented ration for 14 days 
(starting plasma level 289mg%, after 14 days 365mg%), 
])ut thereafter fell to the pre-test normal values. Increasing 
the added vitamin K to 0.06 gm per kilo of ration had no 
further influence on the plasma fibrinogen levels. 

Effect of different animal proteins 

By simultaneously replacing 15% of the casein and 15% 
of the sucrose in the synthetic ration (table 1), the following 
animal protein substances were tested at a dietary level of 
30% : whole dried hog liver,® and whole dried beef liver.® In 
addition, one group was given a diet containing 30% casein, 
and another group of chicks was placed on a diet in which the 
protein consisted of 15% casein plus 15% whole dried beef 
liver. The effect of these diets on the growth, total plasma 
protein and plasma protein is presented in table 4. The chicks 
given the ration containing the hog liver did not survive more 
than 4 weeks, prior to which the plasma protein and fibrinogen 
were markedly decreased. Although chicks given the diets 
containing either beef liver or casein (30%) exhibited the 

^ Field, J. B., and K. P. Link, unpublished experiments. 

" Armour, 
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same plasma protein values, they differed in their plasma 
fibrinogen content. The fibrinogen levels of chicks given the 
30% casein diet remained relatively low while the plasma 
fibrinogen of chicks given the beef liver diet increased to 
levels approximating those obtained when the 15% casein diet 
was fed (tables 2 and 3). The protein content of the regular 
synthetic diet (15% casein) was also increased by replacing 
15% sucrose with beef liver. However, this diet did not pre- 
vent some increase in plasma fibrinogen above the level at- 
tained with the 30% casein diet (table 4). 

TABLE 4 


Effect of synthetic diets containing different proteins on the average growth^ 
total plasma protein and plasma fibrinogen of chicks^ 



30% HOQ LIVES 

{ 30% BEEF LIVER 

30% CASEIN 

16% CASEIN 

15% BEEF LIVER 
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J* 






1 

59.3 



64.2 



60.9 



65.4 



2 

72.8 


215 

1 78.7 


263 

88.9 


170 

96.7 


218 




± 29 



± 54 



± 38 



± 26 

3 

101.9 

2.9 

180 

135.2 

3.3 

362 

120.6 

3.5 

175 

155.6 

3.9 

275 




± 38 j 

1 , ’ 

i 

± 117 



± 48 

1 

1 


± 41 

4 

128.0 1.6 

169 

i 195.4 , 

3.1 ! 

308 

171.9 

3.3 

224 

214.7 

3.4 

344 




± 27 



± 31 


1 1 

± 32 



± 21 

5 

Dead 



238.7 1 

3.4 

342 

211.3 

3.5 

217 

280.7 

1 3.6 

338 





1 


± 20 



± 97 



± 37 

6 




1 286.0 

3.4 

354 

246.3 

3.6 

219 

337.1 

3.7 

295 





1 ' 


± 39 



± 44 j 



± 43 


* Ten chicks in each group. 

* Standard deviation. 


Effect of low protein and low casein diets 

A group of ten chicks was given the regular synthetic ration 
until they attained 3 weeks of age. At this time, 5 (jf the 
chicks were transferred to the same basal ration in which 
the casein was withdrawn and replaced by sucrose. Thus the 
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only possible source of protein in this new diet was the yeast 
and 8% gelatin. Subsequently, the growth of the chicks con- 
suming the casein-free ration ceased (table 5) and gros.s 
symptoms of dietary deficiency developed (loss of feathers, 
stunting of growth, etc.). The plasma protein of these chicks 
was decreased between the third and sixth weeks on this 
regime, but the fibrinogen level fell only slightly. During this 
period the plasma fibrinogen of the control chicks receiving 


TABLE 5 

Effect of synthetic dietSy with and without caseiny on the average growthy total 
plasma protein and fibrinogen of S-weelc-old chicks.^ 



, TIME ON 
; DIET 

1 TESTED 

1 WEEKS 

1 

1 

! 

CASEIN 



NO CASEIN 

2 

AGE 

WEEKS * 

Weight 

pm 

1 Total 
plasma 
protein ' 
pm % 

Fibrinogen 
mg ofc 

Weight 

gtfi 

, 

Total 
plasma 
protein 
am ^0 

Fibrinogen 

mg 

3 

i 

' 1 

1 ; 153 

1 

3.3 ! 

286 

! 133 

3.0 

274 

4 i 

1 2 

1P3 

3.3 

324 

126 

3.0 

275 

r» 

i ^ 

242 

3.3 

329 

i 

2.6 

261 

7 

I ® i 

' 383 

3.2 

386 

116 

2.8 

256 

9 

1 ^ 

443 

3.2 

370 

127 

2.9 

267 


^ Five chicks in each group. 

* The casein withdrawn from the diet ivaB replaced by sucrose. A small amount 
of protein in the remaining formula was provided by gelatin and the yeast. 

*A11 chicks were raised from hatching until 3 weeks of age on the regular 
synthetic ration. 

the 15% casein ration was somewhat increased (table 5). 
When a similar ration containing only 5% casein was given 
to another group of 1-day old chicks, the fibrinogen levels 
were, by comparison with chicks of the same age receiving 
other diets, strikingly elevated within 1 week (table 6). Blood 
samples withdrawn at weekly intervals thereafter revealed a 
reduction in total plasma proteins while the average plasma 
fibrinogen levels were elevated. 

Effect of fasting 

The stimulating effects of diet on the fibrinogen levels in 
dogs can be removed by the withdrawal of food for a period 
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of approximately 5 days (Foster and Whipple, ’22 b; Vars, 
’30). This procedure reduced the plasma fibrinogen to a stable 
low uniform level. One group of 8-week-old chicks raised 
on the synthetic diet was fasted for 5 days during which it 
had access only to water. As a result of fasting the following 
changes occurred : the body weight was reduced to 332 gm 
from 443 gm ; total plasma proteins were reduced to 2.6 gm % 
from 3.5 gm % ; and plasma fibrinogen was reduced to 222 mg 
% from 286 mg %. 


TABLE 6 

Effect of different diets on the average growthy total plasma protein and 
fibrinogen of ehicJcs^ 


1 

1 

NATTTRAI. j 
RATION 1 

SUPPnEMKNTKD 
NATURAL 
RATION » 

SYNTHETIC DIET 
PLUS 

VITAMIN E » 1 

SYNTHETIC DIET 
MINUS 
VITAMIN K 

.SYNTHETIC DIET 

1 LOW CASEIN 
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s^ 

1 

65 

2.9 

222 

65 

3.5 

215 

55 

3.0 

221 i 

54 




41 

3.2 

317 

2 

113 

3.1 

228 

118 

3.4 

211 

85 

3.2 

283 1 

84 

3.3 

228 

44 

2.8 

307 

3 

|l85 

3.0 

222 

192 

3,1 

233 

117 

3.3 

405 i 

110 

3.1 

349 

51 

2.4 

277 

4 ; 

260 

3.0 

222 

252 

3.1 

265 

142 

3 3 

455 

124 

3.4 

414 

55 

2.8 

429 


‘ Five chicks in each group. 

* Natural ration plus 3% liver fraction L and 5% yeast. 

*10 mg d, 1-alpha tocopherol acetate (Ephynal -Roche) per 100 gm diet. 

* Containing only 5% casein, sucrose replacing the 10% casein withdrawn from 
the regular synthetic diet. 


Effect of miscellomeous rations 

In table 6 are presented data obtained from chicks given 
varied diets; the natural ration, the natural ration to which 
was added both 5% yeast and 3% liver fi’action L,® and the 
synthetic ration with and without vitamin E. The supple- 
mented natural ration gave results very similar to the natural 


Wilson Laboratories. 
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ration alone. The protein levels obtained in chicks receiving 
the synthetic ration with or without vitamin E were essen- 
tially the same. In further trials, liver fraction L at a level 
of 3% was incorporated into the synthetic ration consumed by 
8- week-old chicks, and brewer’s yeast, at a 5% level was added 
to the natural ration consumed by a like group of chicks. The 
fibrinogen level of the chicks consuming the supplemented 
synthetic ration remained elevated, that of the chicks receiv- 
ing the natural ration was not increased by the added yeast. 

DISCUSSION 

The facility with which levels of fibrinogen, a plasma 
globulin, can be influenced by the dietary regime is greater 
than has been generally recognized. By contrast, the serum 
globulins are relatively inert to the effects of the diet. It may 
be of significance that the latter probably originates from 
several organs or tissues while fibrinogen production is most 
likely an exclusive function of the liver (Madden and Whipple, 
’40). Although the level of plasma prothrombin in some 
species readily responds to diverse stimuli and influences 
(Link, ’43- ’44) the prothrombin levels of the chicks studied 
in similar trials (Field and Dam, ’45) do not indicate that 
detectable differences in prothrombin levels can be induced 
in normal chicks (supplied with adequate amounts of vita- 
min K) even by drastic alterations in the dietary intake. 

In a recent report, Zeldis et al. ( ’45) record observations of 
a three-fold increase in the plasma fibrinogen of a dog main- 
tained on a low protein diet for a prolonged period. Simi- 
larly, the present studies with chicks indicate that the level 
of plasma fibrinogen directly reflect the nature and relative 
quantity of the dietary protein. A basal sjmthetic ration with 
15% casein such as that employed in this study has found 
extensive use in the past and yet the chicks raised on this 
ration evidence high fibrinogen levels. Casein-free (low-pro- 
tein) or low-casein low-protein diets resulted in some eleva- 
tion of fibrinogen levels, while lower fibrinogen levels are 
characteristic of chicks consuming the sam#* ration containing 
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30% of casein, or a natural ration containing approximately 
20% mixed proteins. Thus, it is proposed that high fibrinogen 
levels in chicks may be a manifestation of an inadequate pro- 
tein intake. Since fasting alone reduced the plasma fibrinogen 
to levels attained on the high casein and natural rations it 
would appear that a stimulus to fibrinogen production stems 
from consumption of diets in which the protein is inadequate, 
qualitatively or quantitatively. Prolonged consumption of pro- 
tein-poor diets has been shown to produce liver cirrhosis in 
some species, and one ready manifestation of liver injury is an 
elevation of the plasma fibrinogen levels (Foster and Whipple, 
’22 b). In the rapidly growing chick, a light degree of protein 
inadequacy might be rapidly reflected in a hepatic fibrinogenic 
response. Older chicks can be made to show an elevation in 
fibrinogen levels less readily than young chicks when given the 
15% casein diet. The high requirement of the growing chick 
for certain amino acids such as methionine, glycine, arginine 
(Hegsted et al., ’41) suggests that the effect of supplementing 
this diet with selected amino acids, or combinations of these, 
on the elevated fibrinogen levels bears further investigation. 
Full rationalization of the response and its importance in 
the economy of the animal is not yet at hand. 

The present data do not support the view that animal pro- 
teins, per se, stimulate the production of plasma fibrinogen 
(Foster and Whipple, ’22 b; Vars, ’30). A high and adequate 
casein consumption did not stimulate fibrinogen production in 
the chick. Thus it is more plausible that certain protein-rich 
materials contain substances (purines (?) Field, Svein- 
bjornsson and Link, ’45), which are capable of inducing this 
effect. Whole dried hog liver in contrast to whole dried beef 
liver (incorporated into a synthetic diet at a level of 30%), 
resulted in relatively low plasma fibrinogen levels (concurrent 
with falling total plasma protein). However, since hog liver 
is toxic to vitamin E-deficient chicks (Dam, ’44), and was in- 
capable of supporting chicks in the present trials, it appears 
likely that lower fibrinogen levels obtained on diets containing 
this tissue may be entirely attributable to a toxic action. 
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CONCLUSIONS 

1. The plasma fibrinogen levels of growing chicks were in- 
fiuenced by the dietary regime. Synthetic diets containing 
15% casein produced high fibrinogen levels while the con- 
sumption of a diet containing 30% of casein or a natural grain 
ration (20% protein) gave relatively low fibrinogen values. 
These changes in plasma fibrinogen were independent of the 
growth, and the level of total protein in the plasma of the 
chicks. 

2. The total plasma protein of chicks consuming synthetic 
diets low in casein (protein deficient) or a casein -free diet, 
was reduced while the plasma fibrinogen was elevated. Fast- 
ing reduced elevated fibrinogen levels to the low levels char- 
acteristic of the adequate natural ration and lowered the total 
plasma protein. 

.3. Wlien clucks consumed a natural ration to which was 
added relatively huge amounts of vitamin K, a temporary 
slight increase in plasma fibrinogen was obtained and this 
state persisted for 14 days. 

4. While a synthetic diet containing 30% dried whole hog 
liver resulted in reduced total plasma protein and low fibrino- 
gen levels, and eventually death, 30% whole dried beef liver 
induced elevated fibrinogen levels. A diet containing 15% 
casein and 15% whole dried beef liver failed to prevent the 
elevation in plasma fibrinogen obtained with the 15% casein 
diet. 

5. The following substances did not influence the fibrinogen 
levels of chicks when they were added to either a basal syn- 
thetic diet or a natural ration: choline, brewer’s yeast, liver 
fraction L, or alpha-tocopherol acetate. 

6. It is suggested that the elevated fibrinogen levels reflect 
a metabolic disturbance of the liver in utilizing a dietary 
protein intake which is inadequate, qualitatively or quanti- 
tatively. 
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Physical performance in relation to diet has been the sub- 
ject of fairly extensive investigation (for review of the litera- 
ture see Keyes, ’43). Muscular efficiency as related to the 
immediate antecedent food intake has also been studied (Car- 
penter and Fox, ’31; Haggard and Greenberg, ’35; Haldi, 
Bachmann, Ensor and Wynn, ’38), but the effect of various 
foods and the amount of food eaten shortly before strenuous 
exercise of short duration has received only scant attention. 
Among athletic coaches and trainers, who might reasonably 
be expected to have learned from experience and observation 
whether athletic performance is affected by the type of meal 
eaten before a contest, there is a wide diversity of opinion 
on this subject. It has been shown recently (Haldi and Wynn, 
’45) that in brief exhausting exercise, work output and the 
onset of fatigue are not affected by the kind of food consumed 
2 to 3 hours before exercise. The present experiments were 
undertaken for the purpose of making a similar study on the 
effect of variations in the caloric intake several hours before 
exercise. 

PROCEDURE 

Swimming a hundred yard sprint is well adapted for study- 
ing any changes that might occur in the capacity for work dur- 

* The expense of this investigation was defrayed by a grant-in-aid from the Sugar 
Research Foundation. 
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ing strenuous exercise of short duration. The metabolic rate 
is raised 10 to 50 times above the basal (KarpoYich and Mill- 
man, ’44) and although the exercise is exhausting, it is rela- 
tively easy to provide sufficient incentive for the swimmer to 
make a maximum exertion throughout the exercise period. 
Comparable quantitative criteria of the capacity for work 
under different experimental conditions are afforded by 
the time required to swim three laps, each being one-third 
the total distance. The drop-off in the second and third laps 
as compared with the first may be taken as an objective 
criterion of fatigue in the course of exercise. 

Twelve subjects who volunteered to take part in the experi- 
ment were selected by the swimming coach from a group of 
healthy young men in the Navy V-12 training unit at Emory 
University. All had engaged in daily compulsory swimming 
for some time but they were nevertheless subjected to further 
intensive training for the experiment. Although there was 
practically no improvement in their performance from day to 
day, they were none-the-less eager to improve and readily 
responded to the urging that was given them before each 
experiment to try for a new record. The V-12 training 
program provided a highly desirable uniformity of living con- 
ditions. There were some variations in the usual daily activi- 
ties over the week-end and on this account the experiments 
were conducted only on Tuesdays and Thursdays. 

On the days of the experiments either a specially prepared 
light or heavy meal was served in the mess hall at 4 :30 P.M. 
The composition of the meals is presented in table 1. To study 
the effect of additional nutriment in the form of readily ab- 
sorbable carbohydrate the light meal was supplemented on 
certain days by 50 gm of cane sugar 1 hour before swimming 
and on other days by 100 gm of sugar. The order of the first 
experiments was as follows: 1, heavy meal; 2, light meal; 
3, light meal plus 50 gm of- sugar ; 4, light meal plus 100 gm 
of sugar. These four different experiments will be referred 
to as a set of experiments. In each set the order of the pre- 
ceding set was reversed to offset any error that might be intro- 
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duced if there should be a gradual improvement in the 
performance as a result of the repetitious efforts of the swim- 
mers to make a new record. 

On the day of the experiment the subject reported at the 
pool at 7 :00 P.M. This hour of the day was chosen so as not 
to interfere with the trainee’s classwork and other assign- 

TABLE 1 

Composition of ** heavy and ** light** meals. 


FOOD 

SKBV- 

INO 

CHO 

PBO- 

TBIN 

FAT 

GAL. 

SEHV- 

INQ 

CHO 

PBO- 

TEIN 

FAT 

CAL. 



ffftl 

pm 

pm 




pm 

pm 

pm 



HEAVY MEAL 





LIGHT 

MEAL 



Steak 

10 oz. 

0 

82 

26 

562 

6 

OZ. 

0 

49 

14 

322 

Bread 

1 slice 

13 

2 

0 

60 

1 

slice 

13 

2 

0 

60 

Butter 

14 gm 

0 

0 

12 

108 

7 

gm 

0 

0 

6 

54 

Egg 

(hard 

boiled) 

Green 

1 

0 

7 

5 

i 

1 

73 

\ 


0 

4 

3 

43 

peas 

4 02. 

11 

4 

0 

60 

2 

oz. 

6 

2 

0 

32 

Tomato 

1 slice 

1 

0 

0 

4 1 

1 

slice 

1 

0 

0 

4 

Mayon- 












naise 

2 soup 











(on 

spoons 











tomato) 

Peaches 

(level) 

0 

1 

16 

148 







(canned) 

1 half 

8 

1 

0 

36 

1 

half 

8 

1 

0 

36 

Total 


33 

97 

59 

1051 

1 



28 

58 

23 

551 

Total 





i 







cal. 


132 

388 

531 

1051 



112 

232 

207 

551 

% of total 












caloric 

intake 


13 

37 

50 

100 



20 

42 

38 

100 


ments. A blood sample was obtained by a finger puncture and 
the subject warmed up by swimming slowly 100 yards. The 
warming up exercise was followed by a brief rest period at 
the conclusion of which the subject toed the mark as in the 
usual swimming meet and at a given signal dove into the 
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pool. While swimming he was continuously exhorted to swim 
faster. Each of the laps of 334 yards was timed in split 
seconds. At the conclusion of the swim the subject was given 
3 to 5 minutes to regain his wind and then another finger 
puncture was made. The blood samples drawn before and 
after the swim were analyzed for sugar by the Hagedorn- 
Jensen procedure (Peters and Van Slyke, ’32). The purpose 
of obtaining the blood samples was to determine whether 
there was any correlation between the blood sugar level and 
the food intake before exercise. In the event of such a cor- 
relation it would be of further interest to ascertain whether 
there was any relationship between the blood sugar level and 
swimming performance. 

RESULTS 

The swimming time and the drop-off in the second and third 
lap as compared with the first was the same regardless of the 
antecedent nutriment. The experimental data are presented 
in table 2. The blood sugar concentration was also the same 

TABLE 2 

Swimming time and blood sugar concentration to 3 hovrs after a heavy meal, 
a light meal, and a light meal when sucrose was ingested 1 hour 
before swimming^ 


NUTRIMHIIT \ 
BEVORK 
SWIMMING 


TIME 

1 

DROP-OFF 

BliOOD StTGAR 

lat 

33V» 

yards 

2nd 

3.3V^ 

yards 

3rd 

33 IA 

yards 

100 

yards 

2-1 
33 IA 
[ yards 

3-1 

331 /$ 

yards 

1 . 

Before 

swim 

After 

swim 

Heavy meal 

meonds 

20.5 

seconds 

25.8 

seconds 

29.1 

seconds 

75.4 

seconds 

5.4 

seconds 

8.6 

mg % 

126 

mg <fo 

148 

Light meal 

20.6 

25.8 

29.5 

75.9 

5.3 

8.9 

121 

142 

Li^ht meal + 
50 gm 
sucrose 

20.6 

25.9 

29.3 

75.8 

5 3 

8.7 

128 

139 

Light meal + 
100 gm 
sucrose 

20.7 

25.7 

29.3 

75.7 

5.1 

8-6 

124 

141 


^ Each value in the table is an average of 53 experiments except the blood sugar 
concentrations which are averages of 45 blood samples. 
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before swimming in the different experiments. There was 
invariably a rise in the blood sugar after swimming, but the 
extent of the rise was the same on the various food intakes. 

All the averages in the table on the swimming time are 
derived from 53 experiments. It was our original intention 
to do 5 experiments on 12 subjects after each type of feeding 
which would have given 60 determinations on each desired 
datum. On a few occasions, howev^er, a subject was unable to 
swim in the scheduled experiment. Absence from one experi- 
ment automatically disqualified him from taking part in the 
other 3 experiments of the set. The averages in the tables 
are therefore strictly comparable as they were all obtained 
from the same number of experiments and on the same sub- 
jects. Eight blood samples were lost, and in accordance with 
the rules of our procedure the samples on the other 3 experi- 
ments in the set were discarded. Accordingly each of the 
averages on blood sugar concentration was obtained from 
45 experiments. 


DISCUSSION 

It is a reasonable assumption that the energy reserves of 
a well developed and properly nourished individual are ade- 
quate for strenuous exercise of short duration. There are 
some, however, who believe on a purely empirical basis that 
even in short bouts of exercise one’s capacity for work is 
related to the amount of food eaten before exercise. One short 
distance swimmer who had been a successful contestant in 
the Olympics, for example, informed one of us (J.H.) that he 
always ingested some dextrose an hour or so before an event. 
His “experience” had convinced him that the extra energy 
supplied by the sugar enabled him to swim faster and with 
less fatigue. Similar opinions have been expressed by various 
athletic coaches. There are those on the other hand who have 
the definite impression that they perform best in athletic 
exercise after a light meal (Hellebrandt and Karpovich, ’41). 
This point of view is probably based on the assumption that 
after a heavy meal a distended stomach may interfere with 
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the descent of the diaphragm or that digestive and other 
processes might interfere with the physiological adjustments 
that take place in exercise. These conflicting empirical de- 
ductions suggested the advisability of obtaining precise in- 
formation by experimental studies. 

The present experiments show that performance in severe 
exercise of brief duration is not affected by the amount of 
nutriment taken 2 to 3 hours before exercise. In previous 
experiments it has been found that swimming performance is 
not affected by the kind of food eaten beforehand (Haldi and 
Wynn, ’45). It need not be emphasized that without further 
experimentation these conclusions can not be regarded as 
applicable to long protracted and exhausting exercise. 

The decrease in speed which may be quantitated as the 
drop-off in the second and third laps as compared with the 
first serves as an objective criterion of fatigue. Obviously, 
fatigue during swimming, as measured by this standard is 
not related to the amount of food taken before swimming nor 
to a fall in the blood sugar while swimming, since the blood 
sugar concentration was higher immediately after than before 
exercise. It is worthy of note that the blood sugar level before 
swimming was the same when 50 or 100 gm of sucrose had 
been ingested approximately 1 hour after the meal as when 
no sugar was taken. This may have been due to the same 
mechanism which prevents a rise in blood sugar when the 
second ingestion of glucose follows the first within an hour 
and a half (Foster, ’23). 

A rise in the blood sugar concentration after severe exer- 
cise has been observed also by other investigators. Prom 
observations on football players, the conclusion has been 
offered that hyperglycemia is uncommon in exercise with little 
or no emotional stress but common in exercise with emotional 
stress on the football field (Edwards, Richards and Dill, ’31). 
This point of view, however, does not appear to have been 
substantiated by later experiments (Dill, Edwards and Mead, 
’35). Blood sugar concentration was found to be increased 
10 to 66% when the subjects performed work that brou^t on 



ANTECEDENT NUTBIMENT AND SWIMMING 


531 


exhaustion within 10 to 40 minutes. The type of work done 
was of a nature that should not have been conducive to emo- 
tional stress, It appears likely that the high blood sugar level 
immediately after swimming in our experiments may have 
been a direct effect of exercise. The subjects did not experi- 
ence the emotional states that are usually aroused by compe- 
titive games and a cheering crowd. As far as could be 
ascertained the determined effort of the swimmer to excel 
his previous record did not cause any marked emotional 
excitement. 


SUMMARY AND CONCLUSIONS 

A study of the performance of swimmers in a hundred yard 
sprint has been made to determine the influence of the size 
of the antecedent meal on severe exercise of short duration. 

Two and a half to 3 hours after a heavy meal, the time 
required to swim each of three laps in the hundred yard sprint 
was the same as when a light meal was taken. 

Supplementation of the light meal by the ingestion of 50 or 
100 gm of sucrose before swimming had no effect on the 
swimming time. 

The drop-off in the second and third laps which is taken 
as an objective index of fatigue was the same regardless of 
the amount of the food intake before svdmming. 

The blood sugar level before swimming was the same 2 to 3 
hours after the various amounts of antecedent food intake. 
Immediately after swimming there was a rise in the blood 
sugar which was practically the same in all experiments. This 
rise in blood sugar was apparently a direct effect of exercise 
and not due to emotional stress. 

It is concluded that there is no relationship of speed, power 
and skill in swimming a hundred yard sprint to the amount 
of nutriment taken 2 to 3 hours before swimming. 
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The biological value method introduced by Thomas (’09) 
has undergone many improvements and modifications in its 
various applications. As Mitchell has made clear in his many 
articles describing improvements for application to rats and 
farm animals and summarized as to the fundamental prin- 
ciples involved in several searching reviews { ’26, ’42 and ’44), 
it is not, strictly speaking a method for measurement of the 
biological value of a protein for maintenance except when 
applied to, and based on, the endogenous nitrogen excretions 
of adult animals. 

In consideration of physiological differences between man 
and lower animals with respect to his tolerance of foods, this 
laboratory developed the use of egg protein metabolism as a 
relative basis, in contrast with the endogenous or absolute 
basis (Sumner, Pierce and Murlin, ’38; Murlin, Nasset and 

‘ The work described in this paper was done under a contract, recommended by 
the Committee on Medical Research, between the Office of Scientific Research and 
Development and the University of Rochester. 
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Marsh, ’38; Murlin, Marshall and Kochakian, ’41). This modi- 
fication was perfectly justified also by the high absolute bio- 
logical value of this protein. 

In undertaking the present studies on human subjects, we 
visualized an opportunity for so ordering the sequence of 
periods of observation as to permit the development of con- 
version factors which would relate values referred to endo- 
genous excretion with those referred to egg, or any other 
high value food protein as base. The second paper will be 
concerned with this question of the interconvertibility of 
biological values. 

The employment of the endogenous base presented other 
advantages aside from that of convertibility; viz., economy 
in the use of the very expensive synthetic amino acids; and 
the comparison of our results with those obtained by the endo- 
genous method, principally on rats, in other laboratories. 

A long series of studies on the same subjects was hoped for, 
involving perhaps the necessity of many no-protein periods ; 
and it was feared these hopes could not be realized without 
encountering the risk of serious depletion of reserve protein, 
even to the point of liver damage, unless a reliable measure 
of endogenous nitrogen excretion could be accomplished in 
relatively short periods. It was necessary, therefore, to give 
consideration to the factors affecting the attainment of reliable 
endogenous values in the adult man. 

BASAL DIET AND SEQUENCE OE PROTEINS 

Table 1 exhibits the items of a diet in which egg protein 
furnished 95% of the nitrogen after deducting the nitrogen of 
coffee, tea and the caffeine in a bottle of carbonated beverage. 
As a rule the total energy value of the diet at the beginning 
of a series was placed at 45 cal. per kilo of net body weight, 
but when in individual cases it became apparent that this 
allowance was not sustaining body weight it was raised to 
48 cal. per kilo or sometimes higher, by addition principally 
of carbohydrate. Even with all the carbohydrate the subjects 
could tolerate, however, some loss of weight could not always 
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be prevented. It was always heaviest in periods when amino 
acids were being fed. 

Arrowroot starch was definitely superior to either corn 
starch or wheat starch as the principal ingredient of the 
biscuit or muffin because of its lower nitrogen content and 
better acceptability. 


TABLE 1 

Illustrative diet, used by F. L., weighing 66 hg. At the beginning this diet con^ 
tained 4.75 gm N, 378 gm carbohydrate, 149 gm fat, and furnished 2970 Cal. ; later, 
when the CaU were raised to 3168 (48/lcg), it contained 404 gm carbohydrate and 
159 gm fat. 


CAE- 


COMPONENT 

AMOUNT 

N 

PAT 

BO- 

HY- 

BBATE 

VITAMINS PER DAY 


om 

gm 

gm 

gm 



KkK 

228 

4.55 

24, 


A (Navitol) 

4,000 I.U. 

Butter 

40 

0.009 

40 


D (Navitol) 

500 I.IT. 

French dressing 

30 

0.006 

23 


Ascorbic acid 

100 mg 

Lettuce 

80 

0.077 


3 

Thiamine HCl 

1.0 mg 

Sugar 

15 



15 

Riboflavin 

0.8 mg 

Marmalade 





Niacin 

10.0 mg 

Biscuit (arrow-root 

(4 

0.084 

55 

148 

Pyridoxine 

0.5 mg 

starch) 

jtieces) 




Ca pantothenate 

2.0 mg 

Orangeade (artificial ) 

408 

0.0088 


102 

Paramino benzoic 


Candy 

80 



80 

acid 

0.8 mg 

Coffee (2 cups) 

360 

0.1836 



Choline HCl 

1 .5 gm 

Tea (1 cup) 

180 

0.144 



Inositol 

100.0 mg 

Cola drink 

180 

0.006 


18 



Omelet oil 

17 


17 




Applesauce 

100 

0.0193 


38 



Vitamins 


0.0126 





Mineral mixture * 


0.0002 





Total 


5.101 

159 

404 




Deducting for N 
in coffee, tea 

and cola — 0.334 


4.767 

‘ The mineral mixture had the following composition in gm (for 300 man days) : 
CaCOa, 600; MgCO„ 78; Mg804, 30; NaOl, 900; KCI, 345; KHoPO^, 627; 
FeP 04 * 4 HA 20; KT, 0.08; MnSO^, 0.36; NaF, 1.00; Al,(S 04 ).i • KaSO^, 0.17; 
CuSO*, 0.90. (Partly from Mattill and Mattill, Endocrinology and Metabolism, ^23, 
and partly from Hubbell, Mendel and Wakeman, J. Nutrition, vol. 14, p. 273, ’37.) 
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The typical sequence of periods which prevailed in more 
than half the series listed in table 2 started with egg protein, 
the distribution of calories being set at 4% for protein, 51% 
for carbohydrate and 45% for fat. When endogenous nitro- 
gen was to be determined the “no-protein,” consisting of the 
same diet except egg, followed immediately after the egg 
period, adjustment of calories for loss of the protein being 
made. Then came the test protein fed at some definite level 
with reference to the endogenous N, and following this came 
the amino acid mixture compounded in a definite relationship 
to the composition of the test protein. A new cycle beginning 
with egg protein then was started. 

The subjects of these experiments were principally con- 
scientious objectors assigned to the project by Selective 
Service from the quota allocated to O.S.B.D. and finally 
numbering 21 men and one parolee. Sixteen other men and 
10 women, volunteers from the Medical School and Strong 
Memorial Hospital personnel, served exclusively in series 
1 and 2, and in small numbers in series 3, 4 and 7. 

All but one of the subjects were in apparently good health 
when entering upon the experiments and, not counting minor 
ailments, all but three continued to the end in the series to 
which assigned without detriment to health. The three excep- 
tions are mentioned in connection with the discussion in this 
paper of the series to which they belonged. 

Continuous determinations of nitrogen by the macro- 
Kjeldahl method were made in all principal items of the diet 
and in all new lots of even minor items as well as in every 
day’s 24-hour urine and period feces. Creatinine N was regu- 
larly determined as a check on collection of urines, and amino 
acid, N was run in the urines of several periods in which 
they were fed. 

FACTOBS AFFECTING THE ENDOGENOUS LEVEL OF EXCBETION 
(1) The starting level 

Folin ( ’05), in changing four subjects from a general mixed 
diet containing from 14 to 16.8 gm of N to his starch-cream 
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diet containing less than Igm of N, found that the lowest 
level of uric acid N was reached on the fourth, fifth, first and 
third day, respectively, for his four subjects ; the lowest urea 
nitrogen was reached on the seventh, fourth, fifth and fifth 
day, respectively, and the lowest total N on the tenth, seventh, 
fifth and fifth, respectively. On the first and second of the 
four subjects the observations were terminated on the tenth 
and seventh days; consequently it is uncertain whether or 
not the total nitrogen had reached a steady state. But for 
the other two eases it certainly did not descend farther on the 
sixth and seventh days after starting the low N diet. Martin 
and Robison (’22) found that their own N-excretion fell in 
5 days from 8.61 gm to 2.48, and from 8.79 gm to 1.99 daily 
for the two authors, respectively, when they started a “no- 
protein” diet. 

In the present series of studies the “no-protein” period 
always changed the nitrogen intake abruptly from a level 
varying from 3.8 to 5.5% (of calories) for protein in the diet 
(see table 2), or from 4.5 to 6.7 gm N daily. The “no-protein” 
diet never contained more than 0.43 gm N, average for the 
squad, and was as low as 0.195 gm daily. Hence the absolute 
change was of the order of 4.3 to 6.3 gm N — a mean drop 
but little more than a third of that imposed by Folin. Ex- 
pressed in percentage the average, however, was 94 compared 
with 93 in Folin ’s subjects. The starting level having been 
maintained usually for several previous 5-day periods and 
having often approximated much more nearly the endogenous 
level of excretion, it is fair to assume that much less reserve 
protein was present in these subjects than in Folin ’s and 
therefore that they would reach the endogenous level of ex- 
cretion considerably earlier. This proved to be the case. In 
an early group of eight subjects, the average difference of 
urinary N between the second and third “no-protein” days 
was 0.378 gm and for half the squad who continued to the 
fourth day the difference between the third and fourth days 
was only 0.157 gm. In the next squad the third-dav excretion 
proved to be slightly higher on the average than the second. 
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It was therefore decided to accept tentatively the excretion 
of the third day on “no-protein” as approximating closely 
enough the true endogenous level to insure dependable com- 
parisons of the biological values of test proteins and cor- 
responding mixtures of amino acids fed a little above this 
level. Later it was found, as expected, that the position of the 
no-protein period in a series of periods on comparatively low 
protein determined the reliability of the endogenous level of 
excretion attained by the third day. These facts will be 
illustrated below. 

(2) Position of the no-protein period in the series 
and, nature of the protein preceding it 

A summary of the average endogenous nitrogens on the 
third day for 12 no-protein periods, and on the fourth day 
as well for four such periods is presented in table 2. The 
average daily fecal nitrogen excretions for the entire periods 
are included under the heading “endogenous” with full 
realization that the fecal nitrogen cannot be all “metabolic,” 
to use Thomas’ awkward term, but derives principally from 
residues of the digestive secretions and from exfoliated epi- 
thelial cells much of it transmuted into bacteria.* 

In column 2 of table 2 is given in Boman numerals the 
number in each series, of the “no-protein” periods. It can 
readily be seen that later such periods in series 5, 6 and 8 
(the only ones in which more than one occurs) gave the lower 
urinary nitrogens, and in 2 out of 3 of the series lower fecal 
nitrogens as well. This lower excretion rate, however, might 
well be influenced by the nature of the food protein which 
preceded the “no-protein” period in any given case, the level 
at which it was fed, and the length of time. Columns 3, 4 and 

* For this reason this laboratory has preferred the term ‘ * alimentary nitrogen ’ ^ 
which at least correctly indicates its origin if not its exact nature. It is a loss 
from the body (alimentary organs) incurred in the processes of digestion of the 
indispensable energy-giving foods and must be made good for maintenance. In 
that sense it represents maintenance as truly as do the products of catabolism of 
hematopoetic organs or the production of blood corpuscles themselves, the overturn 
of which must represent no small part of endogenous urinary nitrogen. 
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5 supply information with respect to these factors. For- 
tunately in series 6 and 8 the first two of them could be made 
identical; namely, whole egg protein and 5%-of-calorie level 
in all three periods. This circumstance leaves the factor of 


TABLE 2 

Endogenous nitrogen excretion following different proteins and at different times 

in a series. 


SBR* 

lES 

NO. 

NO- 

P»0- 

TBIN 

PERIOD 

PROTEIN 

PRECEDING 

NO-PROTEIN 

PRO- 
TEIN 
LEVEL 
AS % 
OF CAL. 

NO 

OF 

DAYS 

OF 

THIS 

PRO- 

TEIN 

AVERAGE 

ENDOGENOrs 

NITROGEN 

PEE DAY 

Urine Feces. 

SUBJECTS 

Bodv 
No. \vt. 
(av ) 

COEFFICIENT 

OF 

_ ENDOGENOUS 
N IN 

mg/kg of 
BODY WEIGHT 

ITrine Feces 






gm 

gm 





2 

VI 

Whole egg 

4.0 

4 

3) ‘2.678 

0.888 

6 

60.8 

41.7 

14.5 

3 

X 

Amino acid 











mixture 

3.8 

5 

3) 2.350 

0.822 

7 

63.8 

37.7 

12.9 

4 

VI 

Whole egg 

4.0 

6 

3) 2.629 

1.074 

11 

59.8 

42.9 

18.0 

5 

II 

Whole egg 

4.0 

8 

3) 2.642 

1.201 

10 

66.6 

39.6 

18.0 


VII 

Beefsteak 

5.5 

3 

3) 2.403 

0.959 

10 

66.0 

36.8 

14.5 

6 

II 

Whole egg 

5.0 

11 

3) 2.203 

1.082 

4 

62.9 

35.0 

16.0 


VI 

Whole egg 

5.0 

6 

3) 2.131 

1.227 

4 

63.0 

33.8 

19.5 


X 

Whole egg 

50 

6 

3) 2.169 

1.288 

3 

64.6 

33.6 

20.2 

8 

II 

Wliole egg 

5.0 

9 

3) 3.177 

1.270 

8 

66.2 

48.0 

19.2 






4) 2.947 



66.2 

44.6 



VI 

Whole egg 

5.0 

7 

3 ) 2.596 

1.064 

8 

65.2 

39.8 

16.5 






4) 2.149 



65.0 

33.1 



XII 

Whole egg 

5.0 

7 

3) 2.063 

1.028 

8 

64.3 

32.1 

16.3 






4) 2.042 



64.1 

31.7 


9 

VIII 

Wheat germ 

6.0 

4 

3) 2.379 

1.026 

6 

68.1 

34.9 

15.1 






4) 2.050 



68.1 

30.1 




Weighted av. 

85 cases 

3) 2 502 


3)64.3 

38.9 




Weighted av. 

22 eases 

4) 2 083 


4)65.5 

31.8 



*3) and 4) refer to days* of no-protein period. 


position unencumbered except for the length of time the pre- 
ceding protein was fed. The latter may be resolved at once 
by pointing out that “no-protein” II necessarily is the one 
following the introductory protein after these squads had 
been for at least 2 months (series 6) on ad libitum diets. It 
was necessaiy therefore to prolong period I until the excretion 
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level no longer reflected the higher protein ingestion. A 
shorter period would certainly have produced a still higher 
“endogenous” excretion on any early day. 

The issue with respect to the nature of the preceding prh- 
tein (meaning its biological value) demands closer attention 
in the case of series 5, where preceding period II whole egg 
was fed for 8 days at a 4% level and preceding period VII 
beefsteak at 5.5% was fed for only 3 days. It appears that 
higher level could not compensate for lower value and a 
shorter period in sustaining the N excretion. In accordance 
with the usual interpretation this means that the protein 
reserves of the body had not been so well replenished by 
beefsteak as by egg, consequently were more quickly ex- 
hausted. Possibly a period of feeding equal to that of the 
egg period would have given a different result, to which the 
answer, not wholly adequate, is that beefsteak was itself pre- 
ceded by egg for 2 days. Here we get into the question of 
more antecedent conditions than the diet immediately pre- 
ceding, and for further light on this situation we must invoke 
a factor which is cumulative (table 3). The possible influence 
of an amino acid mixture (series 3), and of wheat germ, 
supplying a comparatively low value protein (series 9) like- 
wise cannot be resolved without reference to antecedent con- 
ditions because each of these stands alone in the series ; there 
is no endogenous period with egg as “supporting protein” 
preceding it with which either of these foods can be compared 
for the same squad of subjects. 

Meantime it is noteworthy how remarkably well the “endo- 
genous” urinary nitrogens agree following egg at 4% level, 
in two periods VI (series 2 and 4) and one period II (series 5). 
The average third-dav excretions from two entirely different 
squads and a repetition with one, launched into no-protein 
from the same platform, so to speak, were 2.678, 2.629 and 
2.642 gm N, respectively. How is it possible that egg protein 
could exert so constant an influence? The level of feeding 
was the same in the 3 widely separated periods, but the dura- 
tion of this high quality influence varied from 4 to 8 days. 
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TABLE 3 


Belaiion of the sequence of proteins, and the consequent accrued nitrogen "balance 
antecedent to no protein, to the endogenous urinary nitrogen excretion. 


SERIES 

NO. 

PLAOB 
OF NO- 

BJSQinENOE OF 
PROTEINS FROM 
BEOINNINO OF 
. 8EBIBS TO NO- 


FROM BEOINNINO OF 

SERIES TO 3rd and 4TH 

DATS OF NO-PROTEIN 

AVERAGE ENDO- 
GENOUS URINARY 

PEEIOD 

PROTEIN PERIODS. 

Total 

Accrued N- 

NITROGEN FOB 


JNO* DA 

OF EACH 

days to 

balances on 






8rd 

4th 

3rd 

4 th 

3rd 

4ih 




day 

day 

day 

day 

day 

day 

2 

VI 

Egg 5, soy bean 4, 
egg 5, soy bean 4, 
egg 4 

24 


-11.3 


2.678 


3 

X 

Egg 6, yeast 4, egg 









5, yeast 4, egg 5, 
yeast 6, beef 6, 
egg 6, amino acids 5 

49 


— 25.3 


2.350 


4 

VI 

Egg 5, yeast 4, egg 









5, yeast 4, egg 6 

26 


— 24.1 


2.629 


5 

II 

Egg 8 

10 


— 11.9 


2.642 



VII 

(No-prot. 3), cotton 
seed 5, amino acids 3, 
egg 2, beef 3 

26 


— 17.8 


2.403 


6 

II 

Egg 11 

13 


— 3.3 


2.203 



VI 

(No-prot. 3), corn 
germ 5, wheat germ 
-f amino acids 4, 
egg 6 

31 


— 5.9 


2.131 



X 

(No-prot. 3), egg 5, 
amino acids 4, egg 6 

49 


— 10.2 


2.169 


8 

II 

Egg 9 

11 

12 

— 12.9 - 

- 16.6 

3.177 

2.947 


VT 

(No-prot. 4), corn 
germ 5, amino acids 

4, egg 7 

31 

32 

— 36.7 - 

-40.4 

2.596 

2.149 


XII 

(No-prot. 4), wheat 
germ 7, com germ 9, 
amino acids 4, egg 7 

62 

63 

- 59.9 - 

-62.8 

2.063 

2.042 

9 

VIII 

Egg 6, egg 5, veg. 
mixt. -f soy bean 4, 
wheat germ 4, veg. 
mixt. H- soy bean 
and wheat germ 4, 
egg 5, wheat germ 4 

34 

35 

- 13.3 - 

-16.5 

2.379 

2.060 
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Is this factor of duration then of no consequence! The answers 
will be found in the next section. 

(3) Cumulative antecedent conditions 

From a study of the data of Mitchell and associates in four 
of their publications from 1926 to 1933 Ashworth (’35) found 
considerable evidence that the previous diet influences endo- 
genous nitrogen of the urine in rats. If high quality protein 
(liver) was fed immediately before the no-protein period 
the endogenous N in the urine rose above the previous level ; 
if low quality protein (flour, cocoa) preceded the no-protein 
period the tendency was for that N to fall below previous 
levels. He found evidence of the influence of dietary protein 
on endogenous N excretion also in the work of Mason and 
Palmer (’35). In his own work, however, using lactalbumin 
as high quality and corn gluten as low quality protein Ash- 
worth did not find any significant difference in the effect of 
these two on a final endogenous period, except “when the 
reserve protein supply of the body was reduced to a low level 
by long periods on N-free diets.” He concluded that long 
periods on low quality test proteins at low levels of intake 
should not be used, if a decrease in endogenous N in a subse- 
quent period is to be avoided. 

Ashworth does not suggest, nor have we seen elsewhere any 
proposed means of measuring the effects of previously in- 
gested proteins by which investigators, on whom is laid a 
responsibility for protection of their subjects, could predict 
the reliability of the endogenous level attained on a given day. 
The accrued nitrogen balance, as a criterion suitable for this 
purpose, seems to meet the need. For as a rule a balance 
can be struck for all previous food periods before the end of 
the third day of the current no-protein period and one can 
then determine whether an additional day is required. In 
these studies continuous nitrogen balances were available 
after the first few days of each series during which the sub- 
jects were becoming adjusted gradually to low (egg) protein. 
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Table 3 presents (col. 3) the sequence of proteins fed, in all 
of the series where endogenous nitrogen was especially needed, 
previous to its determination. In column 4 are found the 
elapsed times from the beginning of the series to the third 
and fourth days of the no-protein period in question, and in 
column 5 the accrued N-balances to those points. In each 
sequence the last protein named is the one given in table 2, 
column 3. 

Referring to the questions raised in the previous section, 
we learn from table 3 that up to the third day of no-protein 
period VI in series 2 and the same day of no-protein period II 
in series 5, the total antecedent conditions had brought the 
two squads to the same average nitrogen deficit; namely, 
11.3 and 11.9 gm, respectively. The supporting protein and 
its level being the same, the same endogenous excretion 
resulted. 

The duration of the “supporting protein” period, as we 
have called the one immediately preceding a no-protein period, 
we thus learn cannot be the determining factor because the 
time it was fed in one case was twice that in the other. Neither 
can the nitrogen debt incurred previous to no-protein be 
credited with sole responsibility for the urinary N output ; for 
while this item agrees perfectly for the two periods just men- 
tioned, we find more than double the amount (24.1 gm) had 
been incurred up to the third day of period VI of series 4 
in which the excretion of this squad of 11 averaged 2.642 gm 
— • very close, as just observed, to the average performance 
of squads 2 and 5 on the corre.sponding day of their first no- 
protein periods. 

It should be pointed out that squad 5, the subjects of series 
5, are the same men, less one, who made up squad 4. They 
concluded the latter series with an accrued deficit of 23.1 gm 
of nitrogen each. Then intervened a recuperation period of 
10 days in which it is safe to say they ate to repletion, so that 
the introductory period on egg in series 5 found their reserves 
well stocked. A careful analysis of all the data does not 
reveal any hold-over effect from the deficit incurred in series 4. 
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Almost certainly such a condition would have caused heavy 
retention and a positive balance in period I. Actually this 
period of 8 days on egg contained two short periods in which 
the balances were kept and both were negative. 

The best conclusion possible at the moment is that egg 
protein is of such a high quality in building up reserves that, 
regardless of the length of feeding and the antecedent condi- 
tions affecting nitrogen equilibrium, it maintains as “support- 
ing protein” a surprisingly constant third-day endogenous 
excretion and, as may be seen in figure 1, one that is higher 


Grams tcrinaxnj nilro^eii per znan 



1 Large numerals designate numbers of the squads whose daily averages 
are given by the coordinate points: x for third day of no-protein diet, ^ for 
fourth day. A numeral in parentheses denotes number of days since beginning of 
the series to the day of no-protein designated. Name of protein is that given 
in table 2 as immediately preceding the no-protein period: W. G., wheat germ; 
B, beefsteak; H, halibut steak; A.A., a mixture of essential amino acids. 

Halibut was fed to a special squad, designated belonging to a dif- 

ferent project. 
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than following any other protein we have used in that posi- 
tion. Pour of the third-day determinations charted lie close 
together (to the left center) regardless of the magnitude 
of the accrued nitrogen deficit up to the day of measurement. 
The exceptional ones will be discussed in a moment. 

The third-day endogenous values following other proteins 
used in the “supporting” position tend to group themselves 
to the right center of the chart and to be arranged also in a 
loosely linear fashion from upper left to lower right. 

Series 6 deserves special consideration because it illustrates 
the fact that a squad of men, by subsistence over a very long 
period on low but fairly good protein on the average, may be 
brought to so low a state of reserve protein that starting as 
usual with egg as introductory protein and thus establishing 
at once a fair rate of nitrogen retention (aside from the “no- 
protein” periods) may still have reserves low enough to 
permit a steady endogenous level to be reached in 3 days. 
The squad started with 5 members, but one had to be excused 
at the end of 3 weeks because of a stomach ailment later 
diagnosed as gastritis. The remaining four had all been mem- 
bers of squads 4 and 5 (Aug. 15 to Dec. 22, 1944 with one break 
of 10 days) and two of them of squad 3 (June 10 to Dec. 22, 
1944 with an additional break of 2 weeks). All had been off 
the diets from Dec. 22 to March 3. 

The coefficients in milligrams of endogenous urinary N per 
kilo of body weight (table 2), prove that the average output 
for these men in period II of series 6 was already significantly 
lower than those of series 4, period IV, and series 5, periods 
II and VTI, of which they had been members. Coincidentally 
their partial averages in the larger squads were exactly the 
same as those of the entire squads. It seems perfectly clear 
that their reserves had not been completely restored * when 
series 6 was begun. 

• These men through January and February, 1945, had been subjects several 
times a week of hot-room experiments in another department, sweating profusely 
for many hours at a time, and had lost some weight. 
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Alarmed a little at this condition when it was discovered in 
period VI, blood serum proteins and hemoglobin values * were 
determined on them immediately after period VII with the 
result that all were found to be well within the normal ranges. 

It is certain, therefore, that the liver and other hematopoetic 
tissues of these men had not suffered injury; but it is con- 
ceivable that the lower rate of endogenous excretion did not 
reflect a state of general depletion so much as an acquired 
power of conservation of such reserves as were available. 
The latter seems the more probable. 

From March 3 until August 22 these four men continued on 
the low protein diets with a break of 17 days in May. Period 
II of series 6 found them with an accrued N-balance very 
near equilibrium, and their endogenous N for the third day 
at only a slightly higher average level than it was in period 
VI, In fact, as may be seen in figure 1, all three of the endo- 
genous determinations lie very close together in the upper 
right-hand corner of the chart. 

There is evidence in the column for fecal N in table 2 that 
these subjects did not digest protein so well as they had done 
in previous experiments; for their partial averages in this 
regard were also equal to those of the entire squads 4 and 5. 
This slightly higher excretion of fecal nitrogen, however, does 
not compensate for the lesser urinary excretion compared 
with earlier squads. It may indeed reflect only the higher 
intake that prevailed earlier in the supporting position. 

Series 7, like series 1, contained no endogenous periods. 

Series 8 started with a perfectly fresh squad of nine men, 
but the results are compiled for only eight of them, as one 
was lost by illness * before period XII, Since only about 

* The authors are indebted to Mr. Robert Tully for these determinations. 

* This man had arrived with furunculosis which persisted in spite of conservate 
drainage, but eventually appeared to be completely healed. Meantime, however, 
pain in the left ischial region developed and x-ray examination revealed ^^an 
area of bony erosions along the lateral margin of the left ischial tuberosity l^cm 
in depth,’' and a diagnosis of osteomyelitis was made. He was immediately 
admitted to the Orthopedic Division of Strong Memorial Hospital for penicillin 
treatment. 
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11 weeks remained before the then termination date of this 
project, we did not hesitate to subject these fresh subjects to 
three no-protein periods of 4 days each. The first of these 
found them with a slight minus balance which, augmented by 
the first days on no-protein, amounted to 12.9 and 16.6 gm N 
for the third and fourth days, respectively. Period VI began 
with an accrued deficit at 31 days of 36.7 and at 32 days of 
40.4 gm. The endogenous urinary nitrogen on the fourth day 
(thirty-second from beginning of the series) approached a 
steady state as proved by period XII 22 days later (q.v.). 
The urinary nitrogens of the third and fourth days, after 
53 days on comparatively low protein diets and at about 
60 gm N-deficit, were equal. 

Series 9 started with seven subjects, six of them CO men 
and one a parolee. Pour were veterans from at least four 
earlier series, one a former subject returning after over 6 
months respite, and two perfectly fresh dietary subjects. Be- 
cause of the long tour of service on this project which the 
majority of them had given, only one no-protein period was 
imposed and that quite late in the series. At 32 days the 
accrued minus balance was only 3.79 gm and yet on the fourth 
day the average endogenous level of excretion was the same 
as for squad 8 after 51 days and an accrued minus balance of 
46 gm. The difference is due to the better average state of 
nutrition of squad 8 at the start. The two squads were being 
studied simultaneously. 

Summarizing this section it can be asserted that a quite 
definite relationship exists between the accrued N-deficit and 
the rate of decline in endogenous urinary nitrogen. In figure 1 
this is shown by a shift to the right of all values the lower 
they lie in the scale of deficiency. They do not, however, fall 
into a single linear arrangement, but into three different 
slopes depending on the original state of nutrition and on the 
quality of the supporting protein. The fresher the subjects, 
following egg, the farther to the left in the chart; the more 
depleted at the beginning of the series, and also following egg, 
the farther to the right. The higher the position in the chart, 
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the more resistant is the reaction to length of time on low 
protein intakes ; while the lower the position, the less resistant. 
The influence of biological value in the supporting position 
is seen with squad 5. Instead of moving downward in the 
chart in changing from egg as support to beefsteak, these ten 
men move to the right, i.e., the bottom drops out of the sup- 
porting structure, so to speak; reserves are not sufficient, or 
are more tenaciously held, and lower endogenous levels are 
attained. The effect of a fourth day as compared with the 
third is illustrated by squads 8 and 9. Following egg the 
movement from third to fourth (x to ® ) for 8 is down the 
endogenous scale much more rapidly than down the deficiency 
scale. The same applies to 9 following wheat germ. 

Tbe chart, we believe, justifies our conservative plan witk 
human subjects. It is not necessary to subject men at once 
to a long period of protein starvation, thereby possibly en- 
dangering the most valuable reserves — those which maintain 
blood proteins inclusive of specific protective agents. It can 
more safely be accomplished by a gradual approach. Keeping 
these men on a level of 5% of calorie intake with compara- 
tively high value proteins for 25 to 35 days brought them to the 
region of relatively stable endogenous excretion with only 
moderate depletion, compared for example with the rate of 
depletion in Deuel’s case (Deuel, Sandiford, Sandiford and 
Boothby, ’28). A blood examination^ made on squads 8 and 
9 in the ffnal periods of their respective series revealed only 
one man slightly below the normal range for hemoglobin and 
all who were examined (two from each squad did not appear) 
well within the normal for serum proteins. 

BBGBES8ION OF ENDOGENOUS UBINABY N ON BODY WEIGHT 

Figure 2 displays the relationship of endogenous urinary N 
to net body weight. The statistical constants for these curves 
are given in table 4. 

It is clear that the fourth day is less variable than the third 
for subjects who have been for at least 30 days on low protein 
diets of which at least two contained whole egg protein. 
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ENDOGENOUS URINARY NITROGEN IN RELATION TO WEIGHT 



Fig. 2 Kegression curves described by their respective formulae for; A, 73 
determinations of third-day no-protein excretion on 28 men; B, 7 determinations 
of third-day no-protein excretion on 7 women; C, 22 determinations of fourth-day 
excretion on 14 men. 


TABLE 4 

Statistical data for plot of the relation of endogenous urinary nitrogen 
to body weight. 


Number 

Standard deviation 
Standard deviation 
Correlation coef . 
Begression y on x 


THIRD DAY 


73 on men 
7,05 
315.00 
0.56 

25x -f 718 


7 on women 
10.30 
332.00 
0.64 

20.6x 4* 856 


FOURTH DAY 

22 on men 
6.70 kg 
222.00 mg 
0.66 

21.8x -f 647 


RELATION TO BASAL METABOLISM 

It was discovered in 1927 by Terroine and Sorg-Matter that 
in several species of warm-blooded animals the total endo- 
genous nitrogen excretion bears a constant relationship to 
basal metabolism. This was confirmed by Smuts (’35) for 
mice, rats, guinea pigs, rabbits and pigs, the ratios of milli- 
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grams urinary (only) nitrogen to calories of basal metabolism 
per 24 hours giving an average for the 5 species very close 
to 2.0, Brody, Procter and Ashworth ( ’34) have shown that 
the basal metabolism of the whole range of manunals from 
mouse to elephant increases with the 0.734 power of body 
weight while the endogenous urinary nitrogen for a series 
ranging from mice to cattle increases with the 0.72 power of 
body weight. Since the exponents of body weight on both 
log-log curves give slopes practically indistinguishable one 
from another, the authors conclude that “endogenous urinary 
nitrogen increases at the same rate with increasing body 
weight as does the basal metabolism.’’ Exceptions to tMs 
nearly perfect harmony in the metabolic symphony, however, 
have been found in different stages of immaturity in rats by 
Ashworth and Cowgill ( ’38) and at different planes of nutri- 
tion by Treichler and Mitchell (’41), 

It appears from the well-known experience of Deuel, Sandi- 
ford, Sandiford and Boothby that it requires a long time for 
a man to reach the minimal endogenous level of nitrogen excre- 
tion. After 39 days on a protein-free diet Deuel’s urinary 
nitrogen was still falling slowly, while in the record of squad 8 
(table 3) it required a period of only 29 days’ continuous 
subsistence on a low protein regime, introduced by a 4-day 
period on no-protein, to reach the stage where, on the fourth 
day of the second no-protein period, the excretion appeared 
to become stable. Certainly 1 month later the excretion on 
the third and fourth days gave average levels for the entire 
group of eight men only 0.1 gm lower. 

It seems incongruous that one phase of (protein) mainte- 
nance metabolism which cannot be attained inside a month 
should be so definitely (“rigorously” is the term used by 
Terroine and Sorg-Matter) proportional to another phase 
(energy) of ’maintenance metabolism which can be attained in 
15 hours. 

We have not been able to spare the time or to arrange for 
the use of the apparatus to follow basal metabolism in all 
our no-protein periods, as we should have liked to do; but 
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through the courtesy of Mr. J. T. Anderson and his assistant 
Mr. Prank Hastings we are able to present the suggestive data 
set out in table 5. Five of the eight men in squad 8 volunteered 
for basal determinations before breakfast on July 10, and 
again on August 10, just before closing the fourth day of the 
no-protein periods VI and XII in series 8 (table 3). 

TABLE 5 


Melation of endogenous urina/ry N to basal metabolism. 



SUBJECT 

Wt. Ht. 

SUB- 
VAOl 
ABBA > 

Bin>o- 
aSNOUB 
UBINABT 
N IN 
MO/DAT 

BASAL 
METAB- 
OLISM : 

ENDOOENOUB 

UHINAST 

NITROOBN 

PEB 


Cal. 

kE 

sqm 


1(0 

cm 

gqm 









July 10, 1945 




B.M. 

51.8 

167 

1.58 

1748 

1315 

1.33 

33.2 

1106 

W.L. 

57.2 

170.7 

1.67 

1799 

1411 

1.27 

31.4 

1077 

G.8. 

65.3 

167.5 

1.75 

2187 

1217 

1.80 

33.5 

1250 

L.B. 

71.9 

167 

1.80 

2188 

1488 

1.47 

30.4 

1215 

M.W. 

72.0 

179 

1.90 

2327 

1507 

1.54 

32.3 

1225 

Av. 

63.6 

171 

1.74 

2049 

1387 

1.48 

32.2 

1173 








dt 3.1% 

±: 5.6% 




August lOy 

1945. 




B.M. 

51.8 

168 

1.58 

1660 

1294 

1.28 

32.0 

1051 

W.L. 

56.4 

170.7 

1.66 

1728 

1410 

1.22 

30.6 

1041 

G.S, 

63.3 

167.5 

1.73 

1990 

1306 

1.52 

31.4 

1350 

L.B. 

70.0 

165.5 

1.77 

2098 

1498 

1.40 

29.9 

1185 

M.W. 

70.4 

180 

1.89 

2038 

1555 

1.31 

29.0 

1073 

Av. 

62.4 

171 

1.72 

1903 

1413 

1.34 

30.6 

1101 








± 2.9% 

± 5.0% 


* By DuBoib formula. 


It is seen that the average weight had declined 1.2 kg from 
the first to the second observation, thereby affecting slightly 
the calculated surface area (DuBois chart). The basal 
metabolism .by the Benedict-Roth clinical appdratus, with 
which Mr. Anderson has had extensive experience, was quite 
constant in the two determinations except for one subject 
(G.S.). The average endogenous excretion had fallen 146 mg 
— a little more than the average for the eight members of the 
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squad (table 3). The consequence is that the coefficient, endo- 
genous nitrogen divided by basal metabolism computed to 
24 hours, also fell from 1.48 to 1.34 mg per calorie. 

But the important observation is that these coefficients are 
much below that found by Smuts, and agree well with the 
ratio 1.42 reached after 30 days on no protein in Deuel’s 
experiment. 

From the final columns it is seen also that the endogenous 
metabolism per unit of weight is less variable than when 
referred to a unit of surface by the DuBois chart. 

We cannot escape the impression that the alleged propor- 
tionality between a stable endogenous urinary nitrogen and 
basal metabolism is somewhat less than “rigorously estab- 
lished for all homeotherms. ” 

SUMMARY AND CONCLUSIONS 

A basic diet is described containing (with arrowroot starch) 
not more than 0.2 gm N for the average individual, which has 
been used with but slight changes over a period of nearly 20 
months. This diet constituted the “no-protein” regime in 12 
different periods for determination of endogenous nitrogen 
excretion. 

It was found that the following factors influence the time 
within which a dependable endogenous urinary nitrogen could 
be obtained within 3 or 4 days, on a no-protein diet: (a) the 
level of protein in the pre-experimental diets; (b) the position 
of the no-protein period in the series of periods ; (c) the nature 
of the protein, called here “supporting protein,” immediately 
preceding the no-protein, and its level of intake; and (d) con- 
ditions antecedent to the supporting protein which could affect 
the .accrued nitrogen deficit to the beginning of the no-protein 
period. 

Dependable and stable endogenous nitrogen levels can be 
reached on the fourth day of no-protein, even if the nature 
of the supporting protein and its level of intake provide a 
fairly stable deposit of reserve protein, but the total ante- 
cedent conditions bring the average subject, starting fresh, to 
a state of accrued nitrogen deficiency equal to about 40 gm. 
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Stable endogenous nitrogen excretion can be reached on the 
third day of no-protein provided the total antecedent condi- 
tions bring the average subject to a state of accrued deficiency 
equal to about 60 gm nitrogen. Some evidence has been de- 
veloped that subjects acquire a resistance to the depleting 
effect of a no-protein diet after having passed through some 
months of low protein diets, including five or six no-protein 
periods. 

Blood examinations for hemoglobin and serum protein 
prove that members of a diet squad passing through at least 6 
months subsistence on alternating high and low value proteins 
at a general level of not to exceed 5% of the calories can with- 
stand at least six no-protein periods of 3 days each within 
that period without apparent injury to the liver, so far as its 
protein-forming functions are concerned. 

Regression equations are given of endogenous N on body 
weight in 73 determinations of the urinary excretion on 28 men 
and in one each on seven women for the third-day no-protein 
diet as well as in 22 determinations on 14 men for the fourth- 
day no-protein.* The number of observations on women is too 
small to derive an entirely satisfactory equation. 

In duplicate observations of basal metabolism on five men 
at the termination of the fourth-day no-protein in two periods 
1 month apart, the average coefficient, milligrams endogenous 
urinary nitrogen to kg-cal. of the 24-hour basal heat, was 
found to be 1.48 and 1.34, respectively — values which agree 
much more closely with those of Deuel, Sandiford, Sandiford 
and Boothby and with two on women reported recently by 
Bricker, Mitchell and Kinsman (’45) than with those of 
Terroine or Smuts. 
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If two proteins of different composition are retained in 
different proportion because of this difference in composition, 
it might be expected that different effects would be obtained 
when the two proteins are supplemented by single amino 
acids added one at a time. The experimental demonstration 
consisted in giving to each member of the same diet squad 
of seven members a given amino acid in the same quantity, 
added first to the diet containing the egg protein at endo- 
genous level (Murlin et al., ’46), and in the next period to the 
diet containing the soy protein at (nearly) the same level. 
Table 1 shows how much of each of the seven acids was fed 
and the effect on biological value (B.V.) of the two proteins. 
Averages of the individual effects given in this table are 
summarized in figure 1. There was a definite increase in 

‘This study was carried out under contract with the Committee on Medical 
Research of the Office of Scientific Research and Development. 
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B.V. for only two of the seven added to egg at this level; 
namely, histidine and lysine, and for only one of the seven 
added to soy protein; namely, lysine. The latter gave the 
larger effect with soy, but the smaller effect with egg. It has 
been known since the work of Mitchell and Smuts (’32) and 
of Hayward, Steenbock and Bohstedt ( ’36) that soy protein, 
at least before cooking, lacks a sulfur-containing amino acid. 
Additional methionine to that already contained in baked 
defatted soy flour as in this case does not improve the B.V. 
The negative effects from threonine, valine and leucine, all 
of the racemic form, are strikingly different. Each test is the 
result of a 5-day experiment. 


TABLE 1 

Effect of individual amino acids on biological value (B^V.) of egg and soy proteins. 


s 

w 

B V. 
js.no 
ALONE 

B.V. 
BOO 
+ AM 
ACIDS 

DIF. 

B.V. 

B.V. 

SOY 

PEOT. 

ALONE 

B.V. 
SOY 
+ AM 
ACIDS 

DIF. 

B.V. 

AMT. N 
ADDED 
OM 

KIND or 

AMINO ACID 
ADDED 

2 

85.9 

85.4 

-0.5 

86.1 

75.6 

- 10.5 

0.5 

dl Threonine 

3 

88.2 

83.0 

-5.2 

78.0 

53.7 

, - 24.3 

0.5 

dl Valine 

5 

98.0 

90.8 

- 7.2 

89.0 

73.2 

- 15.8 

0.5 

dl Leucine 

7 

90.4 

91.3 

-f 0.9 

75.6 

70.9 

-4.7 

0.5 

dl Methionine 

8 

101.0 

93.4 

- 7.6 

85 3 

66.2 

- 19.1 

0.25 

dl Tryptojihane 

11 

75.4 

86.7 

4- 11.3 

75.0 

55.6 

— 19.4 

0.25 

1 Histidine 

12 

95.5 

99.6 

+ 4.1 

78.4 

88.4 

+ 10.0 

0.25 

1 Lysine 


‘The original numbers for members of the squad are retained. Numbers 1, 4, 6 
and 9 had to be excused for various valid reasons. 


It is clear that adding equal quantities of the same amino 
acids to two different proteins eaten by the same squad gives 
quite different effects on B.V. ; namely, an average reduction 
of less than 1.0 point for egg and 12 points for soy. 

Figure 1 reveals some additional points of interest. The 
first group of columns gives the absolute biological value of 
egg protein. The first two show the difference between the 
nitrogen excretion on egg protein and on no-protein ; the last 
two the difference for urinary nitrogen; and the middle two 
how the corrections for these differences are applied to food 
nitrogen eaten and food nitrogen absorbed, to get the per- 
centage retained. 
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The next group of columns concerns the effect of super- 
imposing a single amino acid onto the diet of each member 
of the squad getting egg at the endogenous level, which has 
just been discussed for individual effects. Now, we are con- 
cerned with the average effect, as a demonstration of reli- 
ability. Note that the average B.V. of the egg plus amino 
acid is 90.6% computed in the same way as the value of 92.1 
is obtained, and from the same endogenous values. With these 


EFFECT OF ADDING AMINO ACIDS TO EGG AND SOY BEAN PROTEINS 



Fig. 1 These figures represent the quantities and operations necessary to obtain 
the biological value of a protein from two periods of feeding: (1) a no-protein 
diet and (2) the same diet plus the test protein. The two columns marked F 
reprepent the average excretion of a squad of seven members from the two diets in 
reverse order to the feeding. The last two, marked UR, represent the average excre- 
tions of urinary nitrogen from the two diets. The middle columns illustrate the 
two corrections to the food nitrogen. The small bracket, representing the excess 
of fecal nitrogen from the protein period over that from the no-protein period, 
corrects the protein nitrogen eaten (EAT), by the amount of waste ascribable to 
the food protein, to give the nitrogen absorbed (ABS.) from the protein. The 
two-pointed arrow, representing the excess of urinary nitrogen from the protein 
period over that from the no-protein jieriod, corrects the absorbed nitrogen by the 
amount of waste ascribable to the absorbed food nitrogen, to give the retained 
(BET.) nitrogen, and this expressed as a percentage of the absorbed is the 
biological value. Ab. M. over a group of columns means ‘‘absolute method^’; 
namely, estimating the B.V. of a protein against a true endogenous excretion 
(no-protein) level of both urinary and fecal nitrogens. Ref. to Egg means the 
same excretion data from a diet containing another protein, or a protein plus 
added amino acids, referred to the excretion data from a diet containing egg. In 
figure 1 the egg feeding referred to was at (or near) endogenous level; in 2 the 
egg feeding at 2 X endogenous level is used as base. 
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data available we now calculate the B.V. of the combination 
egg plus amino acid in terms of the excretion data on the 
egg protein alone. In other words, we are now using egg pro- 
tein instead of body protein as the basis. The result tells us 
that this combination is 97.9% as good as egg protein alone. 

Egg plus amino acid being 97.9% as good as egg for reten- 
tion of nitrogen to replace body waste, and egg protein being 
92.1% as good as the hypothetical i>erfect protein the com- 
bination should (in the absolute scale) be worth 97.9% of 
92.1 which is 90.3. This compares very well indeed with 
90.6 for the absolute B.V. determined directly. Obviously 
biological values based on egg protein are convertible to the 
absoltrte scale and therefore become just as reliable as the 
absolute value directly determinable. One needs no statistical 
aid to arrive at a feeling of satisfaction with this outcome. 
The agreement could not be so good if the fundamental data 
were not consistent and reliable. 

Applying the same methods and reasoning to the parallel 
study of soy protein, we arrive at: (1) 80.4 for the absolute 
biological value directly determined; (2) 89.1, referred to egg 
as standard ; and (3) 82.1 instead of 80.4 for the absolute value, 
indirectly determined (i.e., 89.1% of 92.1 = 82.06). This re- 
sult is not quite so satisfactory.* 

The final comparison on the chart is one involving the 
direct absolute B.V. for soy plus amino acids, and the value 
determined indirectly. Direct value is 71.0 — which of course 
means that adding single amino acids to a medium-value pro- 
tein does not effect any improvement; rather the contrary. 
Eeferred to soy protein alone as a base, we find that the soy 
plus amino acid is only 89.5% as good. Soy on the absolute 
scale being 80.4 and soy plus the additions measuring only 
to 89.5% of soy, the average absolute B.V. of the combinations, 

* If the absorption of soj protein in relation to egg had been the same as its 
absorption in relation to endogenous excretion (in other words, if the correction 
on fecal nitrogen had been the same), the converted B.V* would have been 81 
instead of 82.1* 
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indirectly determined, is (89.5% of 80.4=) 71.9.® In summary 
we have : for egg plus amino acids 90.6 direct, 90.3 indirect ; 
for soy protein 80.4 direct, 82.1 indirect; and for soy plus 
amino acids 71.0 direct, 71.9 indirect. 

Effect of level of intake of the supplemented protein 

The results just described were obtained with the members 
of a diet squad after they had been considerably depleted of 
nitrogen not only by the no-protein period, but by the sub- 
sequent periods on soy protein. The supplementing effects 
of single essential amino acids in the amounts fed (as shown 
in table 1) were largely negative so far as the biological value 
referred to the endogenous nitrogen was concerned, and they 
were quite different when added to egg protein and to soy 
protein at the endogenous level in the same amounts. The 
negative effect could scarcely be due to depletion alone for 
this would tend to enhance retention. We must suppose that 
when one of the essentials is added under these conditions and 
produces a negative effect whatever the protein supplemented, 
it is not needed under the circumstances — which may be 
another way of saying that it is not qualitatively adapted to 
meet the needs of the moment. 

For the purpose of testing the opposite condition, namely, 
repletion of protein and consequent high plus nitrogen bal- 
ances, on the effects of supplementation with amino acids, 
the squad was next placed on a level of egg protein intake 
approximately double that prevailing in the above four 
periods, namely, 7.79 gm N or 46.8 gm protein daily (including 
0.3 gm N in the remainder of the diet) instead of 4.073 gm N. 
The average retention for the last 3 days of this diet was 
1.76 gm N daily. This reflects the influence of the soy period 
immediately preceding when the average balance was 

•If the average absorption rate of soy protein plus amino acids had been the 
same in relation to soy protein alone, as it was in relation to the endogenous 
excretion, this value would have been 70.9. Actually there was a little tendency 
to diarrhea on this period with amino acids and the fecal nitrogen which usually 
is reduced when amino acids are added to a protein was increased a little. This 
phenomenon of reduction will be considered in a later paper of this series. 
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— 0.611 gm N daily. Retention of nitrogen from egg far 
more than made up the deficit. 

When the supplementary amino acids were again added 
(in the next period) in equal amounts as before, there was a 
marked decrease in nitrogen balance in all subjects in the 
last 3 days of the period. Some of this decrease probably 
would have occurred without the amino acids, because the 
retention demand had been satisfied. But it is of special in- 
terest: (1) that all of the seven amino acids fed produced 
eifects in the same direction; and (2) that this reduced re- 
tention in every case but one (leucine) exceeded the nitrogen 

TABLE 2 

Change in nitrogen balance when egg protein at two levels of intalce is 
supplemented with amino acids. 

(Same subjects received same amino acids in same amounts.) 




AT BNDOGENOUS LEVEL 

AT DOUBLE ENDOGENOUS LEVEL 

OM K FROM 

EjfIC 

alone 

ERg plus 
am. acid 

Lif. 

Egg 

alone 

Egg plus 
am. acid 

Dif. 



gm 

gm 

gm 

gm 

gm 

gm 

0.5 

dl Threonine 

- 0.042 

4 0.139 

-f- 0.181 

4 1.846 

4 1.124 

- 0.722 

0.5 

dl Valine 

-h 0.122 

4- 0.389 

4- 0.267 

4- 1.401 

4- 0.866 ■ 

- 0.535 

0.5 

dl Leucine 

+ 0.350 

-f 0.212 

— 0.128 

4- 1.504 

4 1.047 

- 0.457 

0.5 

dl Methionine 

- 0.217 

4- 0.034 

4* 0.251 

4 2.190 

4- 1.409 

- 0.781 

0.25 dl Tryptophane 

4* 0.652 

4- 0.661 

4- 0.009 

4 2.583 

4- 1.762 

- 0.821 

0.25 

1 Histidine 

~ 1.483 

4- 0.520 

+ 2.003 

4 1.447 

4- 1.016 

- 0.431 

0.25 

1 Lysine 

~ 0.004 

4- 0.192 

4- 0.196 

4 2.152 

4- 1.795 

- 0.357 


contributed by the amino acid. It appears, therefore, that with 
the exception of a slight effect from leucine none of* the amino 
acid nitrogen added as a supplement under these circum- 
stances is so available for tissue repair as nitrogen from the 
egg protein. 

Table 2 brings together for comparison the effects on nitro- 
gen balance from supplementing with the same amounts of 
the seven essentials fed to the same persons, several periods 
apart: (1) at the endogenous level and (2) at approximately 
double this level. At the lower level dl leucine is the only one 
that produced a negative effect on daily nitrogen balance as 




retention (when it occurred) was loss than the amount of 
nitrogen contributed. 

The effects of supplementation on the B.V. will be evident 
from the last columns of figure 2. The first group of columns 
on fhe left is the one seen in figure 1, picturing the average 
data obtained in a 6-day experiment on the seven subjects, 
for the endogenous B.V. of egg protein at an average level of 
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4.073 gm N. The second group gives the results on the same 
squad with the same basal diet, but with the egg protein at 
double the endogenous level. The fecal nitrogen on this 
higher intake is considerably elevated above the other. Com- 
paring with the same endogenous fecal nitrogen, a larger 
waste is evident. However, deducting this from nitrogen in- 
gested, the value for absorption is 96% against 97% for the 
endogenous level — digestibility, therefore, is not reduced 
materially. Urinary nitrogen shows a much larger wastage 
both in absolute and relative terms. The retention thefefore 
is only 70.8% of absorbed, against 92.1. This is the B.V. of 
the higher intake of egg protein : 71 in round numbers com- 
pared, with 92 for the lower level.* 

Eef erred to the lower egg intake as standard (third group 
of columns) the B.V. of the higher feeding comes out 75.4, 
and 75.4% of 92.1 is 69.4 — not a bad agreement with 70.8, 
directly determined. 

Adding the seven individual amino acids in the same 
amounts with respect to the endogenous level and thereby 
raising the nitrogen intake by only 0.39 gm we find an abso- 
lute B.V. of 61.8. Referring now to the egg intake at double 
endogenous as standard the B.V. is 90, and 90% of 70.8, the 
absolute value of double egg, the derived absolute, is 62.3. 
Thus the direct value is 61.8, the indirect 62.3. The agreement 
could hardly be better. The interconvertibility of biological 
values from endogenous base to the metabolism data from egg 
protein at that level of intake, and even to similar data ob- 
tained at double this intake, is clearly demonstrated. 

Conversion of a relative B.V. of egg at one level against 
egg at another (endogenous) level by means of a 
conversion factor obtained on another squad 

All the conversions from one base to another thus far con- 
sidered were calculated from data obtained on the same squad 

* As regards the effect of different levels of feeding the same protein on biological 
value, there is of course nothing new about these results. Hamilton (^39) has 
shown that feeding egg protein to rats at a level of 4% (of dry weight) gave a 
B.V. of 100; at 8% it was 91; at 12% 84; at 16% 62; and so on. 
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of subjects, but as shown in table 3 it can be just as readily 
accomplished from the general data obtained on one squad by 
means of a conversion factor obtained on another. This is 
not mere coincidence, for the same type of conversion has been 
obtained between other squads, as will be described in another 
communication. 

The absolute B.V. obtained on squad 4 was referred to the 
endogenous nitrogens from that squad. It is lower than the 
value would have been if egg had been fed at a level nearer 

TABLE 3 

Conversion of a relative biological value (B»V,) of egg at one level of intalce against 
egg at another (endogenous) level by means of a conversion factor obtained 
from experiments with another squad of human subjects. 


SOG AT 5% OF OAIiOEIBS 


B.Vb. endogenous B.Vs. egg at 

excretion endogenous level 


(a) Test protein fecal N 

(b) No-protein fecal N 

(c) Fecal waste N (a-b) 

(d) Test protein N eaten 

(e) Absorbed N (d-c) 

(f) True digestibility 

(g) Test protein urine N 

(h) No-protein urine N 

(i) Urinary waste N (g-h) 

(j) Retained N (e-i) 

(k) B.V. 


1.269 

1.269 

1.074 

1.017 

0.195 

0.242 

5.798 

5.798 

5.603 

5.556 

95 

95 

3.264 

3.264 

2.629 

2.989 

0.635 

0.275 

4.968 

5.281 


88.6 Abs. 96.0 Eel. X 0.921 

87.5 Abg. 


that of the net endogenous losses (urinary and fecal nitro- 
gens less the nitrogen in no-protein foods). When the same 
5% level was evaluated against the excretion data from egg 
at endogenous level of feeding, the relative value was con- 
verted to absolute by the factor 0.921 obtained from squad 2. 
This merely illustrates the fact that the data from one squad, 
ditfering entirely in personnel and nutritional history from 
the other, may, if reliable, be used to interpret data from the 
second. Successful conversion in fact becomes a measure of 
reliability. 
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SUMMARY 

1. Adding single essential amino acids to egg or soy bean 
protein (baked) at or near the endogenous level of intake 
does not improve the biological value of these proteins, rather 
the contrary — even though they may improve nitrogen 
balances. 

2. Biological values of egg and soy bean proteins deter- 
mined at or near endogenous levels (absolute method) may 
themselves be used as conversion factors to translate bio- 
logical values of these proteins plus amino acids (referred to 
the proteins unsupplemented) to the absolute scale with very 
little eVror. 

3. Likewise the absolute biological value of egg fed at 
double the endogenous level of intake may be used as a con- 
version factor to translate values relative to egg at this level 
to the absolute scale. 

4. The conversion factor reliably determined on one squad 
of subjects may be applied also to the fundamental data of 
relative values obtained on another squad to convert the latter 
to the absolute scale. 

5. Once these conversion factors are reliably determined 
they may be applied widely to relative values obtained in a 
proper sequence of feeding periods to bring the latter into 
line with absolute values, as will be shown in a later paper. 
Thus the existing confusion of values obtained at widely dif- 
ferent levels of feeding can in time be completely resolved. 

LITERATURE CITED 

Hamilton*, T. S. 1939 The growth, activity, and composition of rats fed diets 
balanced and unbalanced with respect to protein. J. Nutrition, vol. 17, 
p. 565. 

Hayward, J. W., H. Stbenbock and G. Bohstedt 1936 The effect of heat 
as us^ in the extraction of soy bean oil upon the nutritive value of 
the protein of soy bean oil meal. J. Nutrition, vol. 11, p. 219. 
Mitchell, H. H., and D. B. Smots 1932 The aminq acid deficiencies of beef, 
wheat, corn, oats and soy beans for growth in the white rat. ,J, Biol. 
Chem., vol. 94, p. 263. 

Murlin, j. E., L. E, Edwards, E. E. Hawley and L. C. Clark 1946 Biological 
value of proteins in relation to the essential amino acids which they 
contain. I. The endogenous nitrogen of man. J. Nutrition, vol. 31, p. 533. 



THE INFLUENCE OF PHOSPHORUS, CALCIUM 
AND VITAMIN D, UPON THE FAT CONTENT 
OF THE SKELETON IN GROWING PIGS 


8AM. NOKDPELDT 

The Animal Research Station of the Royal Agricultural College of Sweden 
(Received for publication October 8^ 1945) 


The mechanism of bone calcification has been the subject 
of much discussion. Most studied in this connection are the 
elements Ca and P, the enzyme phosphatase, and the effect 
vitamin D exerts upon these elements in connection with the 
calcification process. As to the influence of vitamin D, it ap- 
pears that the earlier view that this factor acts through 
increased intestinal absorption of phosphorus has now been 
modified. New experiments with radioactive phosphorus have 
given results which support the theory that vitamin D exerts 
its effect by intensification of phosphorus turnover in bone, 
accompanied by hyperphosphatemia and decreased visceral 
phosphorus turnover. 

The effect of dietary fat upon bone calcification has been 
the object of several studies. In his work on the so-called 
“anti calcifying” action of cereals, Mellanby (’22 a; ’22b; 
’24; ’26; Green and Mellanby, ’28) suggested that this effect 
might be related to the fatty acids in the diet. Bunkfeldt and 
Steenbock ( ’43) studied the effect of dietary fat on bone 
calcification in rats receiving diets completely deficient in 
vitamin D. They observed that when the diet had a very low 
content of phosphorus the calcification of the femur was 
diminished by fat. When phosphorus was fed at, or above, 
optimum levels, dietary fat increased the calcification. When 
the value of the Ca : P ratio was above 4 the effect was not 
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observed. Other workers (Jones, ’43) have also reported that 
fat in the diet improves the absorption of calcium. There- 
fore, it is quite clear that the presence of fat in the diet in 
any case does influence the mineral absorption. Regarding the 
influence of the absorbed fat upon the mechanism of ossifica- 
tion, this has received less consideration. As to the fat in the 
bone, most workers are of the opinion that this merely serves 
as a depot for fat storage, especially the yellow fat in hollow 
or long bones. The red marrow within the ends of long bones 
and in the interior of flat ones is known to be the place where 
red blood-cell formation takes place (Carlson and Johnson, 
’37). It is also known, that in the severely anemic patient 
the active bone marrow is always increased in amount and 
may extend throughout the long bones (Minot and Strauss, 
’45). Hirsch and Weinhouse (’43) have reported a study of 
atherosclerosis, and this process showed a great similarity 
to normal bone formation. In their study Hirsch and Wein- 
house summarized that the simple fatty deposits in athero- 
sclerosis had the same lipid composition as blood plasma and 
the normal intima, and that after tlie lipids are deposited and 
remain in the tissue, the subsequent stages of athei’osclerosis 
follow. 

Against this incomplete picture of tlie lipid role in ossifica- 
tion, it is of interest to study how the lipid content of bone is 
influenced by certain factors in the food, such as mineral 
nutrients and vitamin D. In the experiments reported in this 
paper the influence of minerals and of vitamin .D upon the fat 
content of the bone has been studied. 

INFLUENCE OF PHOSPHORUS AND CALCIUM UPON THE 
PAT CONTENT IN THE BONES 

The experiments were planned for the study of the influence 
of the diet upon the calcification process in growing pigs; 
several series of experiments were carried out. All the pigs 
used were of the Swedish Landrace breed. The diet in the 
experiment consisted of 50% ground corn and 50% ground 
oats and an average of 2.5 kg of skimmed milk per animal 
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daily. In order to satisfy the mineral requirement, from 20 
to 40 gm of limestone and 5 to 10 gm of common salt (NaCl) 
were added daily. Vitamin A was provided through the 
carotenoids in the yellow corn ; extra vitamin D was not given. 
The average percentage composition of this diet figured on 
the basis of dry matter, was the following; Crude fiber 6.5, 
nitrogen-free extract 68.6, crude protein 12.0, crude fat 3.8, 
calcium (Ca) 0.82, and phosphorus (P) 0.42. The analyses of 
the feed for these components were carried out by standard 
methods, in agreement with the regulation given by the 
Swedish Royal Board of Agriculture ( ’40). 

The first experiment included 16 pigs divided as equally 
as possible into two groups, 1 and 2. The animals were 
divided according to litter, sex, weight and pr§-experimental 
development. The experimental feeding began when the ani- 
mals weighed 34 kg and finished at a weight of 100 kg, when 
the animals were slaughtered. During the period of the 
experiment, which covered more than 3 months, group 1 re- 
ceived the diet and the mineral supplements mentioned. The 
Ca : P ratio was 1.95. Group 2 received in addition 40-45 gm 
of di-sodium phosphate per pig daily. The supply of Ca and 
P for this group averaged 0.81% of Ca, and 0.58% of P cal- 
culated on the dry matter with a Ca : P ratio of 1.40. The 
development of the pigs during the experiment was controlled 
by weighing the animals at weekly intervals and by controlling 
the feed consumption. The daily average weight-increase in 
group one was 658 gm and in group two 719 gm. After slaugh- 
ter one femur was taken out, prepared and analyzed for dry 
matter, crude fat and ash. The fat was determined according 
to the method of Schmid-Bondzynski-Ratzlatf (’03). The 
bones were prepared before the analysis in such a way that 
they were freed as far as possible from soft tissue such as 
fat, muscles and connective tissue by .scraping the surfaces 
with a knife. After this the large bone was first crushed in 
a large meat-grinder (the Huskvarna “fox mill’’ no. 8), 
whereupon the material was homogenized in a special labora- 
tory grinder. This method of preparation explains the rela- 
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tively high values of fat content in the bone. The method was 
used because of the large amount of material prepared. As 
is seen from the data given, this method gave, however, satis- 
factory results. The results of the analyses are summarized 
in table 1. 

From the results given in table 1 it may be seen that under 
the conditions described extra phosphorus in the diet decreases 
the amount of fat in the bones. This effect, however, is not 
specific for phosphorus alone. 

TABLE 1 


Fat content of the femur as affected hy supplementing the diet 
with phosphorus and hy vitamin D,. 


EXP9U11- 

mekt number 

NUMBER OF ^ BEOIMEN 

AND ANIMAD8 

GROUP 


FEED 


(per kff dry matter) 
in firrain aupple- 
and milk menta 


Ca P Ca P 


FEMURS 


crude fat aah 

(dry basis) (dry basis) 


gm gm gm gm 

VII With and without supplements of phosphorus * 


1 


10 

Without extra P 

2.5 

4.2 

5.7 . . 

36.9 ± 0.85 

62.7 ± 0.71 

2 


10 

With extra P 

2.5 

4.2 

5.6 1.6 

32.1 ± 1.75 

60.3 ± 1.46 

IV 



With and without supply 

of vitamin D, * 


la 


4 

With D, 

1.8 

4.0 


41.9 ± 0.92 

59.5 ± 0.53 

lb 


4 

Without Da 

1.8 

4.0 


37.5 ± 1.01 

59.5 ± 0.24 

2 a 


4 

With Da 

1.8 

4.0 

2.4 . . 

40.2 ± 0.72 

61.2 ± 0.29 

2 b 


4 

Without Da 

1.8 

4.0 

2.4 . . 

34.0 ± 2.77 

61.2 ± 0.51 

3 a 


4 

With Da 

1.8 

4.0 

5.4 

38.5 ± 1.37 

60.8 ± 0.95 

3b 


4 

Without Da 

1.8 

4.0 

5.4 . . 

37.2 ± 1.32 

60.7 ± 0.61 

4 a 


4 

With Da 

1.8 

4.0 

7.1 . . 

38.4 ± 1.01 

61.8 ± 1.07 

4 b 


4 

Without Da 

1.8 

4.0 

7.1 

36.5 ±: 1.31 

61.9 ± 1.05 

' Values 

are 

given with their standard 

errors calculated from 2 = 

where 
V n 


Is d* 

j n-l’ 

^'d 

is the deviation 

from 

the 

average, 

and ‘ * n ’ ’ the 

number of 


observations. 


* The basal diet consisted of 50% ground corn, 50% ground oats and an average 
of 2.5 kg skimmed milk per animal daily; 20 to 40 gm limestone, and 5 to lOgm 
common salt daily. Ca/P value was 1.95. Group 1 received the basal diet only; 
group 2 received in addition 40-45 gm NaaHP 04 per pig daily. 

* The basal diet consisted of 75% oatmeal, 25% corn meal, and 2.5 kg skimmed 
milk per animal daily. Group 1 received no extra minerals except NaCl; other 
groups received Ca in form of limestone. Ca/P values were: for group 1, 0.45; 
2, 1.05; 3, 1.80; 4, 2.23. D, was provided in form of a concentrate called ‘ ' Delta 
which contained 200 I.U. per gm. 
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From feeding experiments made in Denmark in which 
minerals were fed to pigs Petersen (’43) has reported data 
for Ca similar to those given above for P; however, this 
effect of Ca or P is not mentioned in Petersen’s paper. In 
his report Petersen has given the content of crude fat in the 
scapulae of pigs, fed on a diet of grain and skimmed milk 
with and without any addition of limestone. The diet con- 
tained 2.3 gm Ca and 4.8 gm P per kg of dry matter of the 
feed. In one experiment this diet gave a fat content of 14.4%, 
figured on the basis of dry matter in the bone. When 1.7 gm 
Ca was given as a supplement per animal daily, the fat content 
was lowered to 12.5%. In another similar experiment the fat 
content of the bone was lowered from 17.1% to 12.2%, when 
3 gm Ca was supplied in the diet. In another case the sup- 
plement was raised to 9 gm Ca, and this reduced the fat 
content to 9.2 gm. The data cited represent the average values 
for 7 to 10 experimental animals. It should be noted that 
the bone investigated in this case was a flat bone containing 
red marrow. Evidently the observation holds true for red 
as well as for yellow bone-marrow fat. 

Since it has been shown that phosphorus alone or calcium 
alone exerts the influence mentioned upon the content of 
bone-marrow fat, it might be expected that these two elements, 
when given together as supplements in the feed should like- 
wise reduce the amount of crude fat of the bone. That such 
is the ease is also indicated by Petersen’s data. When no 
extra minerals were supplied in the diet mentioned, the fat 
content of the scapulae was 14.0% figured on basis of dry 
matter. AVhen 6.4% Ca and 2.3 gm P were given daily as 
supplements to the feed, then the fat content in the hone in 
one experiment was only 10.3%. In another experiment 16.1% 
fat in the bone was obtained when no minerals were supplied. 
When 5.5 gm Ca and 1.0 gm P were supplied as minerals, 
11.3%) fat was obtained as average for the bone. Each value 
is based upon the results from 6 to 8 experimental animals. 
The Ca and P were added in the form of commercial dicalcium 
phosphate or bone meal. 
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INFLUENCE OP VITAMIN D UPON THE 
FAT CONTENT IN THE BONES 

A series of experiments was carried out where the effect 
of vitamin D upon the fat content in the bone could be ob- 
served. The feed used during the experimental period con- 
sisted of 75% of oatmeal, 25% of corn meal, and 2.5 kg of 
skimmed milk per animal daily. Thirty-two pigs were used 
in the experiment ; the animals were divided into four groups, 
each group containing 8 animals. The experiment began when 
the animals weighed about 45 kg and was continued until 
they weighed 125 kg, a period of about 4 months. Group 1 
received no extra minerals except common salt ; Ca in percent 
of dry matter in the feed averaged 0.18 and P 0.40. The other 
groups received extra Ca in the form of limestone, which 
increased the Ca-content of the feed as shown in table 1. The 
values for the Ca : P ratio were : group 1, 0.45 ; 2, 1.05 ; 3, 1.80 ; 
and group 4, 2.23. 

Each group was divided into two subgroups including 4 
pigs, where one subgroup received no supplement of vitamin 
D, and the other received a supplement of 1 gm of a prepara- 
tion of D, containing 200 I.U. per gm. Consequently, 16 ani- 
mals in the experiment received extra vitamin D, and 16 
animals obtained no such supplement. In addition to other 
observations made during and after the experiment, the femur 
was analyzed for dry matter, ash and fat. The results of 
these analyses are given in table 1. 

The results indicate that vitamin D3 in its influence upon 
the fat content in bone has an effect opposite to that demon- 
strated for Ca and P. Thus, the fat content in the bones of 
all the groups reported in table 1 is higher when vitamin D 
is added to the diet than when no such vitamin is added. It is 
of interest to observe, however, that the difference in fat 
content between groups fed with and without vitamin D is 
much more pronounced where only small amounts or no sup- 
plements at all of Ca are given than it is when relatively large 
amounts of Ca are given. In groups 3 and 4, where 5 and 7 gm 
of Ca are given as supplements per kg of dry matter, the 
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difference in fat content in the bone is only 1.3 and 1.9%, 
while the corresponding figures in groups 1 and 2, which re- 
ceived only 2.4 gm or no Ca at all as supplements, are 4.4 and 
6.2%. It appears therefore that, as far as the fat content 
of the bone is concerned, the influence of vitamin D has been 
counteracted by the influence of the extra Ca given to groups 
3 and 4, so that in this case the special effect of vitamin D., 
is relatively small. 

.srMMARV 

1. Feeding experiments with pigs were carried out where 
the diet consisted of grain, such as barley, oats, and com, and, 
in addition, 2.5 kg of skimmed milk daily per animal was given. 
In some cases Ca was added to the diet, in other cases P, and 
in other instances vitamin Dj. The experimental period in- 
cluded a time of 3 months or more, and continued from a 
weight of the animals of 35-4.') kg up to 100 kg or more. Among 
other observations which were carried out in connection with 
the experiment, the fat content of a bone of the skeleton of 
the animals was studied. 

2. Calcium, or phosphoras, or both elements together, de- 
creased the content of fat in the femur when the elements were 
added as supplements to the diet mentioned. This observa- 
tion of ours made on a long, hollow bone, such as the femur, 
agrees with that made by Petersen on a flat bone, the scapulae. 

.3. Vitamin D;, appeared to increase the amount of fat in the 
femur when this vitamin was given to the pigs under the 
conditions described. When other Ca or P was given simul- 
taneously as a supplement to the diet the increase in fat 
content in the bone was less pi-onounced. It therefore appears 
as if Ca and P on the one hand and vitamin D;, on the other 
counteract each other in this influence upon the fat content of 
the skeleton. 
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An answer to the question of what is a “normal” level of 
ascorbic acid in human blood would aid in the determination 
of nutritional status. Although plasma values of zero have 
been reported without clinical signs of scurvy, there must 
be some blood level of ascorbic acid at which the body func- 
tions best, and values below that level might indicate mal- 
nutrition with regard to ascorbic acid. 

A number of investigators have repoided that values below 
0.7 mg ascorbic acid per 100 ml of plasma indicate inadequate 
dietary intakes of ascorbic acid. Munsell et al. (’44) have 
raised the question of what, if any, level of plasma may be 
taken as indicative of vitamin C deficiency since determina- 
tions made in that laboratory on healthy animals receiving 
an adequate diet showed plasma values of 0.25 mg to 0.56 mg. 
Some plasma values reported for a number of different ani- 
mals by various investigators are shown in table 1. These 
values are from apparently normal healthy animals receiving 
adequate diets. With the exception of the low values for the 
dog and high values for hens those for the other animals lie 
between 0.30 mg and 0.66 mg. 

Rats synthesize ascorbic acid; therefore it might be as- 
sumed that plasma values of healthy rats maintained on an 
adequate diet would be an indication of normal values, at 

’ This investigation was made possible by grants from the General Education 
Board and the University of Alabama Research Fund. 


573 



574 


B. N. TODHUNTBR AND T. J. MCMILLAN 


least for that species. This investigation was undertaken to 
determine the level of ascorbic acid in the plasma of adult rats 
and since several investigators have suggested that the values 
for whole blood are more reliable than plasma values, deter- 

TABLE 1 

Plasma ascorbic acid values for different animals as reported in the literature. 


ANIMAL 

PLASMA ASCORBIC ACID 

' RKFKRENCE 

Monkey 

j mg! 100 ml 

i 0.41 

Muiisell et al. (’44) 

Guinea pig 

O.SO 

Munsell et al. ( ^4) 

Guinea pig (10)^ 

0.54 

' Todhunter and Brewer (’40) 

Guinea pig 

0.30 

Karel and Chapman ( '44) 

Babbit 

0.41 

, Munsell et al. (’44) 

Goat 

0.46 

Munsell et al. (’44) 

Horse 

, 0.46 

Munsell et al. ( ’44) 

Marc 

j 0.53 ± .17 

Rasmussen et al. (’44 a) 

Sheep 

0.56 

Rasmussen et al. ( ’44 b) 

Lambs 

i 0.48 ± .21 

Rasmussen et al. ( ’44 b) 

Ewes (20) 

, 0.66 (0.43-0.82) 

Satterfield et al. (’42) 

Dairy calves (19) ; 

i 0.32 (0.03-0.77) 

Bortree et al. (’42) 

Dairy heifers (4) i 

0,49 (0.24-0.80) 

Bortree et al. ( ’42) 

Dairy cows (24) j 

0.44 (0.11-0.80) 

Bortree et al. ( ’42) 

Hens, 12 weeks ago 1 

2.05 (1.46-2.43) 

Satterfield et al. ( ’45) 

Dog 

0.25 

Munsell et al. (’44) 

Dog. 2 mo.-6 yrs. (37 c?) 

0.353 (0.172-0.840) 

LaCroix et al. (’42) 

Dog, 2 mo.-6 yrs. (19 ?) 

0.368 (0.126-0.743) 

La Croix et al. (’42) 

Dog, 6~14 yrs. (24 <?) 

0.353 (0.168-0.591) 

LaCroix et al. (’42) 

Dog, 6-*14 yrs. (17 9) 

0.308 (0.118-0 620) 

LaCroix et al. ^’42) 


* Number of animals shown in brackets. 


minations on whole blood were also made. The hemoglobin 
content was measured at the same time to see whether there 
was any relation between hemoglobin and ascorbic acid con- 
tent of the blood. 


EXPERIMENTAL 

Animals 

Albino rats from the breeding colony, raised on a dog 
chow,* supplemented once a week with lean meat or liver, and 

* Purina Dog Chow Checkers. 
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lettuce or carrot, were used. The first group of animals were 
mature breeders ; later, several litters were raised specifically 
for this study and were sacrificed at 250 gm weight for males 
and 200 gm for females. 

Animals were anesthetized by intraperitoneal injection of 
a solution of 20 mg nembutal (Kuether, Telford and Roe, ’44) 
and within 15 to 20 minutes an incision was made and the 
heart exposed. Approximately 5 ml of blood were withdrawn 
in a syringe and used for hemoglobin and ascorbic acid deter- 
minations. 

Hemoglobin 

Hemoglobin determinations were made with a photelo- 
raeter ® according to the method of Sheard and Sanford (’29). 
For each determination two aliquots of 0.02 ml of blood were 
used. The accuracy of the method was verified l)y comparison 
with results obtained by the oxygen capacity method of Van 
Slyke (Van Slyke and Neill, ’24). 

Ascorbic acid 

Plasma ascorbic acid was determined by a modification of 
the micromethod of Mindlin and Butler (’38), omitting the 
use of KCN. In order to obtain the necessary volume for 
reading in the Coleman spectrophotometer 0.5 ml plasma 
filtrate and 1 ml buffered dye were used. Sodium-acetate 
buffer was used in such concentration (2.25%) to give a pH 
of 4.1 for the dye-plasma filtrate mixture ; pH measurements 
were made with a Beckman pH meter. Corrections were made 
for turbidity. The addition of pure ascorbic acid to plasma 
analyzed by this procedure gave recoveries of 96.6 to 110.3%, 
which compare favorably with those reported in the literature 
(Mindlin and Butler, ’38). 

The method of Roe and Kuether ( ’43) was used to deter- 
mine the ascorbic acid content of the whole blood, using 2 ml 

* Cenco-Sheard-Sanford, Type C-5. 

^We are indebted to Dr. J, M. Bruhn of the University of Alabama Medical 
College for making this determination. 
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of blood for each determination. Eecoveries of added ascorbic 
acid by this method were 89.3 to 100.9%. 

BE8ULT8 

Hemoglobin values are shown in table 2 ; there was no cor- 
relation between this compound and the ascorbic acid content 
of plasma or whole blood. The difference in hemoglobin value 
for the two sexes was statistically significant. 


TABLE 2 

Mean ascorbic acid and hemoglobin values of blood of rats grouped according to 
body weight and sex, Mange and standard error are included. 


BODY 

1 HEMOOLOBIH 

1 

1 ... 

ASCO&BIC ACID 

WEIGHT 

i 

Plasma 

Whole blood 

gm 

' gm/lOOvd 

mg/ 100 ml 

mg/ 100 ml 

Males 


i 


250-299 

' 13.6 ± 0.14 

0.84 ± 0.052 

0.70 ± 0.026 

(23) 

(12.0-14.7) 

' 1 

1 (0.33-1.36) 

1 

(0.49-0.91) 

300-450 

j 13.8 ± 0.13 i 

! 0.90 ± 0.026 

0.74 ± 0.022 

(27) 

' (12.8-16.1) 

(0.62-1.21) 

(0.55-0.99) 

Mean (50) 

13.7 ± 0.10 

0.87 ± 0.028 

0.72 ± 0.017 

Females 




200-249 

13.0 ± 0.11 

0.33 ± 0.029 

0.34 ± 0,011 

(26) 

(11.9-14.1) 

(0.01-0.63) 

(0.23-0.46) 

250-350 

13.0 ± 0.21 

0.33 rt 0.024 

0.36 ± 0.019 

(25) 

! (11.2-14.8) 

(0.09-0.61) 

(0.23-0.65) 

Mean (51) 

13.0 ± 0.12 

0.33 ± 0.019 

0.35 ± o.on 


The values for ascorbic acid in whole blood and plasma for 
both sexes are given in table 2. The males had a mean value of 
0.87 ±; .028 mg per 100 ml of plasma, with a range of 0.33 to 
1.36 mg; the mean value for whole blood was 0.72 ±: .017 mg, 
with a range of 0.49 to 0.99 mg. The corresponding values for 
females were 0.33 db 0.019 mg with a range of 0.01 to 0.63 mg 
for plasma, and 0.35 ± 0.011 mg with a range of 0.23 to 0.65 mg 
for whole blood. 
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There was no correlation for either sex between the ascorbic 
acid in the plasma or whole blood and the age or weight of the 
adult animals. 

There was a highly significant ditference between the two 
sexes in ascorbic acid content of both whole blood (0.37 ± 
.020 mg) and plasma (0.54 rt .033 mg). The reason for this 
difference is not apparent. It is possible that the sexes have 
equal ability to synthesize ascorbic acid but that utilization 
is greater on the part of the female and thus brings about 
lower blood values. Sutton et al. (’42) reported ascorbic acid 
values of 0.588 mg to 0.895 mg per 100 mg of plasma for male 
rats receiving varying levels of vitamin A as supplements to 
the diet. No plasma values were given for females but there 
was found to be a sex difference in the excretion of ascorbic 
acid. Female rats excreted only about half as much ascorbic 
acid as did the males. 

An interesting relationship was shown between the ascorbic 
acid content of the plasma and whole blood (table 3). At the 
lower levels of plasma ascorbic acid, 0.01 to 0.60 mg for males 
and 0.01 to 0.30 mg for females, the values for ascorbic acid 
per 100 ml of whole blood were higher than the plasma values, 
but from that point, at any plasma level the value for whole 
blood was lower than the plasma value. 

Butler and Cushman ( ’40) using different methods of 
analysis have reported that at low levels, or even when the 
plasma ascorbic acid has become zero there are still measur- 
able amounts of ascorbic acid in the whole blood. In this con- 
nection it is of interest to note that in the present study the 
males, whose mean whole blood ascorbic acid level was 0.83 mg, 
showed a highly significant difference of 0.1") ± 0.032 mg be- 
tween whole blood and plasma levels. In contrast, the females, 
with the definitely lower mean whole blood value of 0.35 mg, 
did not have a significantly different plasma level. These 
data support the view that ascorbic acid enters the red cells 
with difiiculty and tends to remain in the cells when the plasma 
level falls. 
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If it can be assumed that the blood plasma levels for all 
mammals are similar (table 1) and that the values obtained 
for mature rats which synthesize their ascorbic acid are in- 
dicative also of normal levels for humans then plasma values 
currently reported as desirable for humans are too high, at 
least for females. 

The data of the present report also indicate the desirability 
of studying the sexes separately in ascorbic acid investi- 
gations. 


TABLE 3 

Difference between whole blood and plasma ascorbic acid at various plasma levels 

for albino rats. 


PLASMA 
ASCORBIC 
ACID 1 


MALE 

FEMALE ! 

MALE AND FEMALE 

Number 

‘ Whole blood 
minus plasma 

1 (averasre) 

Number 

.. 

Whole blood 
minus plasma 
( average ) i 

Number 

Whole blood 
minus plasma 
(average) 

mg/lOOml 


, rnp 


mp ' 


mp 

0.01-0.09 ' 



3 

-f .243 , 

3 

-f .243 

0.10-0.19 



5 

-h .140 1 

5 

-f .140 

0.20-0.29 



10 

-f .054 

10 

-f .054 

0.30-0.39 

2 

-f .215 

17 

— .003 

19 

-f .020 

0.40-0.49 



12 

— .050 * 

12 

— .050 

0.50-0.59 

1 

-f ,020 . 

2 

— .125 ' 

3 

- .079 

0.60-0,69 

4 

— .050 

2 

— .100 

6 

1 - .066 

0.70-0.79 

8 

- .100 



8 

-.100 

0.80-0.89 

13 

.128 



13 

- .128 

0.90-0.99 

8 

- .195 


1 

8 

1 - .195 

3.00-1.09 

10 

-.218 ; 



10 

- .218 

1.10-1.19 1 

1 

— .320 i 



1 

- .320 

1.20-1.29 j 

2 

! — .440 


1 

2 

- .440 

1.30-1.39 ! 

1 

' - .450 1 


1 

1 

-.450 


SUMMARY 

Mature, normal rats, 50 males and 51 females, were sacri- 
ficed for determination of the ascorbic acid content of the 
plasma and whole blood, and of hemoglobin values. 

The ascorbic acid content of the plasma of males was 0.87 ± 
.028 mg, and of females was 0.33 :± .019 mg per 100 ml; the 
difference was highly significant. 
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The ascorbic acid content of the whole blood of males was 
0.72 rt .017 mg and of females was 0.35 ± -Oil mg per 100 ml ; 
the difference again was highly significant. 

There was a significant difference in hemoglobin values for 
the two sexes, 13.7 ± 0.10 gm per 100 ml for males and 13.0 ± 
0.12 gm for females. There was no correlation between the 
hemoglobin and the ascorbic acid content of the blood nor 
between either of these substances and the weight or age of 
the adult animals. 

At low levels of plasma ascorbic acid the corresponding 
values for ascorbic acid in whole blood were higher ; at plasma 
levels of 0.59 mg for males and 0.30 mg for females the order 
of the values was reversed. 
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Methods for determining the relative nutritive values of 
proteins have been in use for many years. These involve 
principally measurement of the rate of growth, gain in weight 
per gram of nitrogen ingested, nitrogen exchange and balance, 
reproduction, and plasma protein and hemoglobin regenera- 
tion (Mitchell and Hamilton, ’29). The recent availability 
of protein hydrolysates and crystalline amino acids suitable 
for parenteral injection raises the question of the relative 
values of such substances for nitrogen retention when they 
are given by vein. Since the report of Henriques and Ander- 
sen in 1913 it has been repeatedly shown that protein hydroly- 
sates can be utilized by the body when given intravenously 
(Elman and Weiner, ’39; Shohl et al., ’39; Farr and Mac- 
Fayden, ’39; Elman, ’40). However, the efficiency with which 
such materials effect nitrogen retention when given by vein 
is not known. Such factors as the unnatural isomers, dele- 
terious changes during manufacture or processing, varying 
rates of injection and the renal excretion of amino acids and 

'Presented before the Society for Pediatric Research, Atlantic City, Septem- 
ber 26-26, 1944. 


581 



582 


W. M. COX, JB. AND A. 3 . MUBULEH 


peptides, may conceivably interfere with the utilization of 
forms of nitrogen which are satisfactory when orally ingested. 

A limited number of observations comparing oral and 
parenteral administration or comparing various nitrogenous 
substances when parenterally administercid have been made. 
Elman et al. (’42), showed that an enzymic casein hydroly- 
sate was as effective in plasma protein regeneration when in- 
travenously administered as when it was given orally. Cox 
and Mueller ( ’44 b) conipared enzymic hydrolysates of three 
proteins, casein, laclalbumin and plasma protein, when both 
intravenously and orally administered. Madden et al. ( ’44) 
compared mixtures of crystalline amino acids with various 
protein hydrolysates administered parenterally as well as 
orally to anemic and hypoproteinemic dogs, and a recent 
report from the same laboratory indicates that intravenous 
administration is not as effective for plasma protein produc- 
tion as the oral route (Madden et al., ’45 a). Albright (’45) 
has found oral or intravenous administration of a casein 
hydrolysate equally effective in maintaining nitrogen balance. 

To study the eflSciency of nitrogen retention, three dogs were 
depleted of their nitrogen stores by feeding a diet adequate 
in calories but low in protein for a protracted period. Sub- 
sequently, during periods of not less than 10 days each an 
amount of nitrogen calculated to just equal the average daily 
nitrogen loss for the last 17 days of the depletion period was 
injected intravenously. With this low level it was expected 
that too little nitrogen would be retained to affect the nitrogen 
deficit, and that the dog would remain suitable for comparative 
assay purposes. In actual fact there was usually nitrogen 
equilibrium or a slight nitrogen loss during the first assay 
period so that the nitrogen need of the animal was unchanged. 

Three sources of nitrogen were employed: a pancreatic 
hydrolysate of casein ® ; a mixture of ten essential amino acids 
and glycine (Mixture Vu of Madden ®) ; and a mixture of ten 
essential and ten unessential amino acids which we calculated 

* Amigen. 

’ The composition of this mixture was given to us by Dr. Hadden. 
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as representing the approximate composition of casein (re- 
ferred to as Mixture XII). Each was administered intra- 
venously for a total of 10 days in 6 to 10% solution (as deter- 
mined by solubility) at the same nitrogen level. When studies 
on these low levels had been completed,, it seemed also desir- 
able to compare retentions at higher nitrogen levels. Accord- 
ingly the minimal nitrogen level was doubled and the nitrogen 
balances tor periods of 10 days again compared. The casein 
hydrolysate and mixture were then compared at nitrogen 
injection levels which were four and eight times the minimum 
calculated for equilibrium. 

At the lowest level of nitrogen the mixture of ten essential 
amino acids and glycine was most efficient in promoting reten- 
tion; at the doubled level this mixture and the hydrolysate 
were about equally effective, and at the quadrupled and 
octupled levels, the hydrolysate effected much larger retention 
than the crystalline amino acid mixture. The mixture of 
amino acids calculated to represent the composition of casein 
was considerably less efficient in retention than the other two 
preparations. 

EXPERIMENTAL 

The three dogs selected for this study had been previously 
maintained in metabolism cages on various levels of nitrogen 
for about 100 days. During a portion of the time they had 
received intravenous injections of amino acid mixtures and 
the casein hydrolysate in a study unrelated to the present one. 
The basal diet consisted of a mixture of the Weech-Goettsch 
( ’38) low protein diet and a commercial preparation known 
as Gaines’ dog food. It was supplemented by the daily ad- 
ministration to each dog of 3 mg thiamine, 6 mg riboflavin, 
30 mg niacin and 5 drops Oleum Percomorphum since in 
earlier studies signs of vitamin B deficiency had been ob- 
served when the dogs subsisted for protracted periods on the 
Weech-Goettsch diet. The essential nutritive histories are 
as follows: 

Dog 1 (“Nig”), a male mongrel hound, received 0.25 gm 
nitrogen and 40-70 cal. per kg body weight daily in his basal 
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diet for 110 days ; and at intervals, intravenous injections of 
various forms of nitrogen. At the end of this period he 
weighed 57 pounds and was in good nutritive condition. Dog 
no. 2 (“Police”), a male police dog, weighed 49 pounds when 
brought from the kennels and placed on metabolism. During 
the preliminary 110-day period he was fed 0.44 gm of nitrogen 
and 40 cal. per kg body weight, and also received certain 
intravenous injections of nitrogen. He weighed 44 pounds 
at the end of the 110-day period, and was in excellent condi- 
tion. Dog no. 3 (“Part Police”) a male mongrel police, 
weighed 42.5 pounds in the kennels when his food was reduced 
to near starvation — 8 cal. and 0.1 gm nitrogen per kilo, daily 
for 15 days. For the next 27 days he was fed 43 cal. and 
0.12 gm of nitrogen per kilogram. During these 42 days he 
lost 10.5 pounds and at the end was in very poor nutritive 
condition. Supplementation with various levels of intra- 
venously administered nitrogen during the next 63 days 
restored his weight to 36.5 pounds, at which time the present 
study was begun. 

Since the early report of Cowgill ( ’28) it has been cus- 
tomary to feed dogs 80 cal. per kg body weight. This amount 
is based on the ad libitum food consumption of dogs allowed 
a moderate amount of exercise. Since Benedict (’38) has 
shown that the basal heat requirement of dogs is approxi- 
mately 35 cal. per kg, it has been our custom to supply 50 cal. 
per kg to dogs confined in metabolism cages. In our experience 
this has been a satisfactory energy level. Collections of urine 
(preserved with thymol) and feces were made daily, and com- 
bined to make periods of 3 or 4 days. The dogs were not 
catheterized. 

Depletion period. At the start of the study, the three dogs 
were fed a mixture of the two diets mentioned above calculated 
to supply progressively smaller amounts of nitrogen and a 
constant caloric intake. The minimum daily nitrogen intake 
was .04 gm per kilo for from 17 to 24 days. The depletion 
period lasted 56 days. The average daily loss during the last 
17 days was .099, .057 and .091 gm nitrogen per kg body weight 
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for Dogs 1, 2 and 3, respectively. They lost, respectively, a 
total of 130, 82 and 57 gm of nitrogen, and in body weight 
3.5, 1.6 and 2.5 kg, during the whole depletion period. 

Supplementation materials. The particular lot of casein 
hydrolysate (10,014-15) employed in this work was not as 
adequate for nutrition as most manufactured batches (Mueller 
et al., ’40). The total nitrogen was 12.4%, the amino nitrogen 
7.7% and the amino nitrogen after acid hydrolysis, 10.5%. 
The average gain in weight per day of 10 litter-mate rats 
maintained for 8 weeks on 3 different levels of this lot as the 


TABLE 1 

Per cent composition of amino acid mixtures. 



Mixture ' 

Mixture XII * 

dl-tlireonine 

7.0 

2.0 

dl- valine 

11.0 

12.6 

dl-leucine 

18.0 

7.1 

dl- isoleucine 

12.0 

6.3 

l(“f ) lysine H(''l 

12.0 

9.1 

dl-tryptophanc * 

4.0 

1.8 

dl-phenylalanine 

12.0 

6.2 

dl-methionine 

6.0 

2.8 

1(4-) histidine II Cl 

4.0 

2.7 

1(-|“) arginine HCl 

7.0 

5.0 

Glycine 

7.0 

2.4 

dl\alanine 


.3.0 

dlnorleucine 


2.0 

1( — ) proline 


6.3 

1(— hydroxyproline 


1.6 

U-f') glutamic acid 


17.4 

dl-aspartic acid 


3.2 

dl-serine 


2.4 

1- tyrosine 


5.1 

1 -cystine 


1.0 


* Composition kindly furnished by Dr. S. C. Madden. 

® The analytical values which we chose for this mixture were too low in threonine 
and leucine, and should have been doubled since the unnatural forms are not 
available for growth. This quantitative deficiency accounts for the observed lower 
nitrogen retention. NaHCO», 9.2 gm per 100 gm of the amino acid mixture was 
added just before making the solution. 

‘Mixture Vo was designed to supply 4.0% 1 -tryptophane. Since we had only the 
dl-form available, this was used at the same level as there is evidence that the 
unnatural isomer is utilized; and even if it is not, 2% of the natural isomer is 
probably adequate. 
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sole source of nitrogen was : 1.2% nitrogen, 1.14 gm daily gain, 
1.7% nitrogen, 1.45 gm gain; 2.4% nitrogen, 1.67 gm gain. It 
was made in 10% solution, sterilized by Seitz filtration and 
given intravenously by slow drip. The composition of the 
two mixtures of crystalline amino acids is given in table 1. 
Limited by solubilities, these were made in 7% solution and 
sterilized by autoclaving. Mixture XII deposited crystals, 
presumably tyrosine, on standing. These were filtered off, 
and a nitrogen determination made on the filtered solution 
in order to calculate the amount to be injected. 

TABLE 2 


Comparative amounts of essential amino acids supplied hy the three supplements. 


AMINO ACID 

OM /day supplied one I 
DOQ BY lowest ! 

AMIOEN LEVEL 

MULTIPLES OF AMIOEN 
SUPPLIED BY 

Mixture XIT 1 Mixture V„ 

Threonine 

1 

0.57 

0.66 1 

2.16 

Valine 

0.97 

2.44 1 

1.98 

Leucine 

1.76 

0.76 i 

1.79 

Isoleucine 

0.90 

1.32 i 

2.31 

Lysine 

0.97 

1.76 ! 

1.82 

Tryptophane 

0.26 

1.32 

2.73 

Phenylalanine 

0.75 

1 .55 ; 

2.79 

Methionine 

0.49 

1.06 

2.12 

Histidine 

0.37 

1.38 ' 

1.91 

Arginine 

0 62 

1.51 

1.97 

Gm essential amino 
acids daily 

Gm mixture daily 

7.65 

18.29 

! 

10.43 1 

18.79 1 

16.23 

17.45 


These three materials necessarily differed in their content 
of the essential amino acids. As an approximation only, the 
amounts of the essential amino acids supplied by the hydroly- 
sate, by Mixture Y„ and by Mixture XII are compared in 
table 2. The amount of these acids present in the hydrolysate 
was determined by calculation from the amino acid composi- 
tion of casein and pancreas as given by Block and Bolling 
( ’45) and was used as the basis of comparison. The values 
(in grams of the hydrolysate) are based on the weight of 
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material supplied to one dog, and the values in the other two 
columns express the relative amount of each amino acid con- 
tained in the mixture when it was given at the same nitrogen 
level. This comparison shows Mixture XII (since it was 
based on early values for the composition of casein) to con- 
tain less threonine and leucine than the calculated amount 
in the hydrolysate. Since the unnatural isomers of certain 
amino acids are probably not used in metabolism (Gilman, 
’43), the mixture may also be relatively low in the active 
form of isoleucine. All of the amino acids contained in the 
enzymic hydrolysate are^ probably in the active form. Mix- 
ture Vu contained about twice as much of each essential amino 
acid as contained in the hydrolysate, and this quantity would 
allow for the unnatural enantiomorphs. 

This comparison must be interpreted with caution, because 
the composition of the hydrolysate is calculated, and no cor- 
rection for the optical forms of the pure acids is made. An 
assay of a sample of the hydrolysate using available tech- 
niques * showed values lower than those calculated for cer- 
tain acids, and higher values for others. The specific values, 
calculated and determined are, respectively: leucine 9.6, 8.0; 
methionine 2.7, 2.0; arginine 3.4, 4.9; phenylalanine 4.1, 4.0; 
isoleucine 4.9, 6.0; valine 5.3, 5.6; tryptophane 1.0, 0.6%. 

Administration. All infusions were given by slow intra- 
venous drip in the radial veins while the dogs were suspended 
in a Pavlov frame with legs dependent. The rate was ad- 
justed to the tolerance of the dog, so as to prevent nausea 
and vomiting. 


RESULTS 

The data are presented graphically in figures 1, 2 and 3. 
The values for caloric intake and nitrogen intake are plotted 
per kg body weight. Nitrogen balance, urinary and fecal 
nitrogen, weight, plasma albumin and total pla.sma protein 
and the hematocrit values are plotted in absolute quantities. 

‘Values determined for us by William T. Thompson Co., Los Angeles, using a 
microbiological assay procedure developed by Shankman ot al. ( ^43 ‘ 
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Fig. 3 Graphic record of Dog 3, constructed as described for figure 1. With 
this dog the nitrogen retention with mixture XII equalled that with the hydrolysate. 


Nitrogen balance. At the lowest level, each of the 3 dogs 
retained the mixture of amino acids slightly more efficiently 
than the casein hydrolysate. Dogs 2 and 3 showed the most 
pronounced difference in retention while Dog 1 showed but 
little. At the doubled levels the average nitrogen balances 
for Dogs 2 and 3 again showed a higher retention with Mix- 
ture Vu, although Dog 1 retained the casein hydrolysate most 
efficiently at this level. At the quadrupled levels the situation 


Fig. 1 Graphic record of Dog 1 during protein depletion and the subsequent 
intravenous injection of 3 sources of nitrogen at four intake levels. The injections 
of enzymic hydrolysate (Amigen) are indicated by the solid black columns; the 
ten crystalline essential amino acids and glycine (Vo) by the dotted columns, and 
a mixture of ten essential and ten unessential amino acids (XII) by the hori- 
zontally-ruled columns. Each indicated period covers 3 or 4 days, and each 
supplement was administered for at least 10 days. Urinary and fecal nitrogen 
excretion are separately indicated. 

Fig. 2 Graphic record of Dog 2, constructed as described for figure 1. The 
nitrogen loss of this dog during depletion was considerably less than that of the 
other two and correspondingly less nitrogen was required to establish equilibrium. 
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was reversed, and all three dogs retained more nitrogen from 
the casein hydrolysate than from Mixture Vu. The difference 
in retention in favor of the casein hydrolysate, was even more 
striking when the injection level was octupled. The dogs re- 
tained 4.8, 3.1 and 2.1 gm of nitrogen daily when the hydroly- 
sate was injected, and 1.0, 1.1 and 0.8 gm with Mixture Vu. 

Nitrogen retention with Mixture XII did not equal that of 
the casein hydrolysate or Mixture Vu. It was injected at only 

TABLE R 

Summarised nitrogen balances. Gm per day. 



“NIO" 

**PABT rOLTCK" 

"polioe" 1 

AVERAGE 

FOR 3 DOGS 

Casein hydroly- 
sate 

Low level 

— 0.11 

-0.19 

i 

— 0.27 

— 0.19 

X 2 

4- 0.91 

4 0.31 

4 0.59 1 

4 0.60 

X 4 

4 1.82 

4 1.14 

4 1.49 i 

4 1.48 

X 8 

4 4.78 

4 3.14 

4 2.06 

4 3.33 

X 8 

4 8.20 

4 1.29 

4 1. .56 ’ 

4 2.02 

Mixture 

Low level 

1 - 0.04 

1 

+ 0.28 ' 

1 

4 0.25 ; 

4-0.16 

X 2 

4 0.72 1 

+ 0.87 

4 0.73 

4 0.78 

X 4 

' 4 1.03 * 

-f 1.08 

4 0.79 

4 0.97 

X 8 i 

i 4 0.81 

-1- 1.09 

4 1.21 j 

4 1.04 

Mixture XII | 
Low level 

1 

- 0.75 

i 

- 0.22 ; 

- 0.06 i 

- 0.34 

X 2 ; 

— 0.3,3 

4 0.27 

-f- 0.06 

4 0.00 


two levels since it had to be given much more slowly than the 
other two preparations in order to avoid nausea and vomiting. 

For careful comparison, the summarized nitrogen balance 
data- are given in table 3 for the individual dogs. The 3 dogs 
behaved similarly to all three supplements, so that the average 
values are representative. These show that at the two lowest 
levels of suplementation Mixture V„ was more effective for 
retention than the casein hydrolysate, but that at the two 
higher levels the situation was reversed. To determine 
whether the less eflBcient retention of Mixture Vu at the 
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higher levels was due to the sequence of supplementation, or 
perhaps to the decrease in nitrogen need after so much re- 
tention on the casein hydrolysate, a second period using the 
octupled level of the hydrolysate was given. It is evident 
from the charts and from table 3 that retention was still high, 
and was considerably greater than that with the amino acid 
(Vu) mixture. 

Weight. The close parallelism between weight and nitrogen 
balance is best seen from figure 1. Weight declined during 
depletion, and was stationary when minimal levels of nitrogen 
were given, and increased slowly when the nitrogen level 
reached adequacy. 

Plasma albumin. As shown in figure 1, the plasma albumin 
value rose from 1.6 gm per cent at the end of the depletion 
period to 2.8 gm per cent at the end of intravenous supple- 
mentation. This change does not measure the rapidity of 
albumin regeneration with parenterally administered nitrogen 
since the level given during most of the experimental period 
was inadequate for maximal protein synthesis. The other 
two dogs (figures 2 and 3) also showed changes in plasma 
albumin of about the same magnitude. 

Hematocrit. The hematocrit values for all three dogs de- 
clined during the experimental period. We have no explana- 
tion. The experimental diet contained a sufficient amount 
of iron. 

Caloric intake. Except for the caloric value of the nitrogen 
given by vein the caloric intake was maintained at 50 cal. per 
kilo body weight. At the octupled level, the supplement in- 
creased the intake of Dogs l and 3 by about 20 cal. per kg 
and Dog No. 2 about 10 cal. At the lower nitrogen levels the 
calories supplied by the supplements did not significantly 
affect the caloric intake; nor did this increase at the higher 
level affect the findings. 

Excretion. As indicated at the bottom of all three figures 
the fecal excretion of nitrogen was not modified by the level 
of intravenous supplementation. The urinary excretion 
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responded promptly to the injection level, and determined 
the magnitude of the nitrogen balance. 

Eaxretion of amino acids and peptides. The excretion of 
amino acids and peptides during all of the periods has been 
measured. The ninhydrin procedure of Van Slyke et al. (’43) 
was used to measure the amino nitrogen in the urine. The 
urine was subsequently hydrolyzed by boiling 10 ml with 
10 ml of concentrated hydrochloric acid for 12 hours and the 
amino nitrogen value re-determined. The difference was at- 
tributed to peptides. 

Figures 4 and 5 show the magnitude of amino acid excre- 
tion as measured by the amino nitrogen. It is evident, when 
the same levels of supplementation are compared, that the 
crystalline mixtures resulted in a much greater excretion of 
amino acids than did the hydrolysate. In all probability this 
is due to the excretion of unnatural forms of the amino acids, 
but rapid filtration of amino acids through the kidney 
glomeruli may contribute to the total value. It is not due to 
differences in rate of injection. The values recorded above 
the curves indicate the average number of minutes required 
daily for the injection of the particular supplement. In fig- 
ure 4, for example, it required an average of 183 minutes daily 
to inject the quadrupled level of the hydrolysate, and 277 min- 
utes to inject the same level of crystalline acids (Vu). At both 


Fig. 4 Urinary amino nitrogen excretions of Dog 1. The periods at the 
extreme left and right of the chart indicate the excretion when no infusions were 
administered. The solid black columns are periods during which the enzymic 
hydrolysate (Amigen) was injected; the dotted columns are periods during which 
the ten crystalline essential amino acids and glycine (Vu) were injected, and the 
ruled columns are periods during which the mixture of ten essential and ten 
unessential amino acids (XII) was given. The nitrogen injection level is in- 
dicated below the columns; thus ‘‘4 X Vu’’ indicates that the Vu mixture was 
given at 4 times the minimal level. Each individual column represents the average 
daily 24-hour excretion for periods of 3 or 4 days. Each supplement was given for 
not less than 10 days. The numbers at the top of the columns are the average 
minutes required to administer the infusion. 

Fig. 5 Urinary amino nitrogen excretions of Dogs 2 and 3. Description of the 
chart is given under figure 4. The amino nitrogen excreted after the injection of 
the crystalline mixtures is always greater than following the hydrolysate. 
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of the high injection levels, the crystalline acids were injected 
more slowly than the hydrolysate.® 

The amino nitrogen of all nrines from injections of the 
hydrolysate increased after acid hydrolysis, indicating that 
a certain amount of the injected peptides had been excreted. 
Table 4 shows the percentage of the injected nitrogen which 

TABLE 4 


Per cent of injected nitrogen excreted as amino and peptide nitrogen. 



INJECTION 
TIME 
MINUTE. S 
DAILY 

1 

' AMINO ACID 
' NITROGEN 

1 

1 PEPTIDE 

NITROGEN 

TOTAL 

NITROGEN 

IN BOTH 
FORMS 

Minimum level 

1 




Amigen 

44 

1 3.55 

i 9.26 

12.81 

Mixture V,, 

42 

1.5.37 

1.01 

16.38 

2 X minimum level 

1 




Amigen 

87 

6 82 j 

; 11.22 

18.04 

Mixture 

J 80 

20.40 


20.40 

4 X minimum level 



! 


Amigen 

125 

14.09 i 

11.78 1 

25.87 

Mixture Vu 

187 

1 27.08 

j 0..59 1 

' 27.67 

8 X minimum level 


i 

1 


Amigen 

273 

10.65 1 

12.08 i 

22,73 

Mixture Vu 

1 307 

31.18 j 

0.92 i 

32.10 


was excreted as amino acid nitrogen, as peptide nitrogen, and 
in total when the values from all 3 dogs were averaged. 

The table shows that the sum of both forms excreted when 
the different supplements were given is nearly the same. The 
crystalline acids resulted in the excretion of only slightly 
more total nitrogen than the hydrolysate, and this was sig- 
nificant only at the highest level. 

® This rate of injection was determined by the tendency of the dogs to vomit. 
At the octupled level, for example, the hydrolysate was injected for 50 days and 
there were 5 days on which the dogs vomited, but the same level of Mixture Vu 
resulted in an episode of vomiting on 21 of the 30 days on which it was injected. 
This accounted for the slower average rate of injection for this material. 
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By comparing the amount of peptide nitrogen injected with 
the peptide nitrogen excreted, it was determined that 40 to 
50% of the injected peptide nitrogen appeared in the urine. 
This fact needs further study since we have found that pure 
crystalline dipeptides are utilized when given intravenously. 
The average chain length of the peptides in the casein hydroly- 
sate approximated 3.4 when the method of calculating the 
chain length as described by Stein et al. ( ’44) was used. 

DISCUSSION 

This comparative study of nitrogen i-etention when an 
enzymic hydrolysate and mixtures of amino acids are given 
intravenously indicates that the essential amino acid composi- 
tion of a substance will not necessarily determine its value. 
The administration of 7.65 gm of essential amino acids as the 
hydrolysate was almost as effective as 16.23 gm of the crystal- 
line essential acids (table 2). At higher levels, but at the same 
ratio of intake the smaller quantity from the hydrolysate was 
much more effective in accomplishing nitrogen retention. This 
difference may be partially explained by the presence of un- 
natural isomers in the synthetic amino acids, and partially by 
rapid excretion. But it also indicates to us that the body 
requires certain amino acids which are not classified as 
essential. The formation of new protein requires the pres- 
ence of a number of unessential amino acids and if they are 
not specifically supplied in the diet, the essential acids will 
be utilized to form them. It is thus conceivable that if essen- 
tial amino acids constitute the principal nitrogen of the diet, 
that more would be required than if certain quantities of 
unessential amino acids were also given. 

The observations further indicate that the hydrolysate can 
probably be modified by the addition of amino acids to the 
end that nitrogen retention on minimal levels can be improved. 
Such studies are now in progress. 

Nausea and vomiting accompany the rapid administration 
of protein hydrolysates and amino acids (Cox and Mueller, 
’44 a, b; Madden et al., ’45 a). Our present observations with 
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three sources of amino acid nitrogen indicate that the two 
crystalline mixtures were more prone to cause such disturb- 
ances than an enzymic hydrolysate. No satisfactory explana- 
tion for the tendency to emesis caused by parenteral admin- 
istration of amino acids has been found. It is worthy of note 
that Mixture Vu contained no glutamic (Madden et al., ’45 b) 
or aspartic acid (Madden et al., ’45 a) and did contain glycine 
(Madden et al., ’44), and that its tendency to cause vomiting 
was greater than that of the hydrolysate. The level of amino 
nitrogen in the blood has been suggested as the factor pro- 
voking emesis but this is far from a satisfactory index (Cox 
and Mueller, ’43). Madden’s observations indicate that cer- 
tain mixtures of amino acids provoke less vomiting than others 
but in our experience dogs vary widely in their reaction to a 
given mixture on successive days so that it is impossible to 
incriminate any one essential amino acid (Cox and Mueller, 
’44 a). 

CONCLUSION 

An enzymic casein hydrolysate and two mixtures of crystal- 
line amino acids have been compared for their ability to 
promote nitrogen retention in protein depleted dogs when 
given intravenously at varying levels of nitrogen intake. 

At levels just sufficient to establish nitrogen equilibrium 
the mixture of ten essential amino acids and glycine (V„) 
was slightly more effective in promoting nitrogen retention 
than the other two substances. At higher levels of intake the 
hydrolysate was considerably more effective than the V„ 
mixture. 

Urinary excretion of amino acid nitrogen was always 
greater with the crystalline mixtures than with the hydroly- 
sate. Conversely, more peptide nitrogen appeared in the 
urine when the hydrolysate was given. The sums of nitrogen 
lost in both forms were approximately equal although the 
crystalline mixture was given more slowly than the hydroly- 
sate in order to avoid emesis. 
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The work of Fritz, Hooper and Moore ( ’45), which has been 
essentially confirmed by Evans and Brant (’45), would indi- 
cate that the discrepancies reported in the literature per- 
taining to the vitamin D requirements of poults, can be ex- 
plained in part by the wide variation in the levels of either 
calcium or phosphorus that have been used in the test diets. 
Previously Bird ( ’44) and Boucher ( ’44) had indicated that 
this might be a possible explanation. 

That vitamin Da is approximately two times as efficient as 
fish liver oil in promoting calcification in the poult, chick unit 
for chick unit, has been reported by Boucher ( ’44) and Bird 
(’44). Fritz et al. (’45) observed the same trend but quanti- 
tatively the differences noted by them were much less marked 
than those reported by either Boucher or Bird. The “Borden 
Diet” employed by Fritz and co-workers analyzed 1.51% 
calcium and 1.0% phosphorus. The phosphorus content of the 
“Borden Diet” was greater than that of the diets used by 
either Bird or Boucher and in addition must have contained 

* Supported in part by a grant from the Yantic Grain and Products Company, 
Norwich, Connecticut. 
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a greater amount of readily available phopshorus. This might 
explain why extreme ditferences in response were not ob- 
served by Fritz and his co-workers. It should be noted that 
the diet employed by Boucher contained a relatively small 
amount of non-phytin phosphorus. We have estimated that 
his ration contained less than 0.2% of non-phytin phosphorus. 
The composition of Bird’s diet, while similar to that of 
Boucher’s but containing a greater per cent of phosphorus 
(0.82%), may also have been low in readily available phos- 
phorus (vide infra). 

It is conceivable that the results obtained by Boucher and 
others and interpreted as a species specificity, could be ex- 
plained on tho basis of the availability of the phosphorus as 
well as the absolute level of this mineral in the diets. More- 
over, the wide differences of opinion in regard to the vita- 
min D requirements of the poult, may, in part at least, have 
originated because of differences in readily available phos- 
phorus in the rations. In Boucher’s work as well as that of 
Bird, the vitamin D carriers were first assayed on the A.O.A.C. 
diet with chicks, which is relatively high in inorganic 
phosphorus. The vitamin supplements were then incorporated 
in turkey rations relatively low in inorganic phosphorus con- 
sidering the greater known mineral requirements of the poult. 
It should be emphasized that poults were not fed the A.O.A.C. 
diet nor were chicks fed the poult diets. However, from pilot 
experiments in progress at this station, it should be stated 
that there is some indication that the A.O.A.C. chick diet when 
fed to poults may not contain a sufficient amount of calcium 
and of readily available phosphorus to assay adequately 
vitamin D carriers. 

It occurred to one of us (H.M.S.) that the source of vitamin 
D might account for differences observed in bone ash of chicks 
on a diet high in phytin phosphorus. This idea was developed 
by Singsen and Mitchell ( ’45) who have shown that activated 
animal sterols (Delsterol) are 1.34 times as effective as a pure 
cod liver oil in promoting calcification in the chick when the 
chick must rely upon phytin phosphorus to meet its require- 
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ments. That poults subjected to a similar experimental design 
also exhibit this differential in response is indicated in the 
data presented here. 

The objectives of this work were: (1) to determine the 
response of turkey poults to vitamin D from activated 7- 
dehydrocholesterol and a pure cod liver oil when incorporated 
in a simplified diet in which all of the phosphorus was readily 
available and (2) to measure the effectiveness of these two 
sources of vitamin D in promoting the utilization of the 
phosphorus of phytin when the poult is forced to rely upon 
phytin to meet its phosphorus requirements. 

EXPERIMENTAL 

The low phosphorus basal mixture consisted of white table 
corn meal ® 67.3, casein 12.0, gelatin 3.0, primary grown yeast 
4.0, bagasse 4.0, liver meal 3.0, wheat germ oil 1.0, CaCOg 
2.23, KCl 0.5, and salt mixture 1.6.® The vitamin supplement 
per 100 pounds of the ration consisted of calcium pantothenate 
635 mg, pyridoxine 227 mg, riboflavin 227 mg, vitamin K 
18 mg, thiamine chloride 95 mg, nicotinic acid 95 mg, inositol 
227 mg, para amino benzoic acid 227 mg, choline chloride 
45.4 gm and vitamin A 800,0001.17. On analysis this basal 
mixture was shown to contain 1.21% calcium and 0.23% 
phosphorus. 

Two experiments were conducted in which the vitamin D 
from a pure cod liver oil was compared with activated 7-de- 
hydrocholesterol, the principle dietary variation being the 
source of phosphorus used. 

In experiment 1, NaHoPO^-IIgO (1.37%) was added to the 
basal diet to bring the total phosphorus level to 0.61%, all of 
which was readily available. In experiment 2, calcium-mag- 
nesium phytate (2.09%) raised the total phosphorus level of 
the basal diet to 0.55%. Phytin phosphorus by analysis, 

• A de-germed, de-braned product especially prepared for table use and contain- 
ing only 0.07% pbosphorns of which less than 0.01% is phytin. 

‘lOOOgm Naa, 10 gm KI, 150 gm Mn80«-H,0, 50 gm FeSO, X H,0, 136 gm 
MgSO,, 5gm ZNSO„ 5gm CaSO.-SH.O, 200 gm NaSiO*. 6H,0, 50 gm Al« 
(SO,)„ 2gm Co(CH.COO),.4H.O. 
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accounted for 55.4% of the total phosphorus in the diet. It was 
the original intent to have the level of phosphorus identical 
in both rations. 

The pure cod liver oil and the activated T-dehydrocholesterol 
were assayed in our laboratory by the A.O.A.C. procedure 
and incorporated in the diets on a chick unitage basis.^ Twenty 
bronze day-old poults, all originating from the same breeding 
stock maintained by the station were placed in each experi- 
mental lot. They were confined to electric brooding compart- 
ments located in a room where all daylight was excluded. At 
the conclusion of the experimental period all surviving poults 
were weighed and then sacrificed for the removal of the left 
tibiae. The bones were cleaned, extracted in alcohol for 48 
hours, ether for 24 hours and then ashed individually. Be- 
cause of the extreme degree of rachitis manifested by all lots 
fed the phytin phosphorus diet this experiment was terminated 
at 21 days. The results are presented in table 1. 

DISCUSSION 

An examination of the data presented in table 1 (Expt. 1) 
shows clearly that 7-dehydrocholesterol when incorporated in 
the inorganic phosphorus diet was no more efficient in pro- 
moting calcification than was cod liver oil when the two sources 
of vitamin D were fed on an equal chick unitage basis. At the 
80 unit level the T-dehydrocholesterol did give a higher per- 
centage of bone ash than did the cod liver oil. However, this 
is thought to be due to chance since all other levels in both 
series are essentially equal. 

Where the design of the experiment is such that the 
poult is forced to rely upon phytin phosphorus for bone 
formation (Expt. 2), the gn’eater eflBciency of vitamin D* 

^The T-dehydrocholesterol in corn oil had a manufacturer's assay of 200,000 
A.O.A«C. chick units per gm. One gm of this concentrate was diluted with 
709 gm of com oil. This gave sufficient material to carry out both the chick assays 
and the turkey experiments without making new dilutions. The diluted 7-dehydro- 
eholesterol assayed 250A.O.A.O. units per gm. The cod liver oil which carried 
a manufacturer’s potency of 250 A.O.A.O, units/gm was assayed by us to contain 
255 A.O.A.C. units/gm. 
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manifests itself at each level of vitamin D intake. In poult 
nutrition, as in the nutrition of the chick, it would appear that 
the greater effectiveness of the 7-dehydrocholesterol is demon- 
strated most markedly when the ration is high in phytin 
phosphorus and low in inorganic phosphorus. 

The eflScacy ratios submitted in the last column of table 1 
were estimated by fitting a straight line equation, Y = 
22.173 -f- 0.013 X to the data points of the cod liver oil groups 
represented in the phytin phosphorus series. The percentage 
ash values for each level of 7-dehydrocholesterol fed were 

TABLE 1 



VIT. U UNITS/ 
100 ON DXST 

PURS con LIVBR OIL 

ACTIVATED 

7'DBHTDBOCHOLBSTEROL 

Bm* 

CAOY 

RATIO 

Av. Wt. 

% boneash 

Av. wt. 

% boneash 

Summary 

0 

117.4 ( .’5)» 

22.45 

117.4 ( 5) 

22.45 


expt. 1 with 

40 

204.3 (17) 

33.03 

199.5 (14) 

33.02 


NaHaPO* • HaO 

80 

219.3 (12) 

40.13 

286.4 (19) 

43.24 


28 days 

160 

248.6 (14) 

45.29 

277.5 (13) 

46.52 



200 

275.5 (17) 

46.21 

295.1 (16) 

46.06 


Summary 

0 

112.4 (20) 

23.26 

112.4 (20) 

23.26 


expt. 2 with 

40 

127.3 (16) 

23.37 

128.1 (16) 

25.91 ^ 

6.80 

phytin 

80 

117.5 (15) 

24.12 

130.8 (19) 

27.18 

4.65 

phosphorus 

160 

125.2 (14) 

24.82 

141.3 (17) 

27.43 

2.40 

21 days 

200 

132.7 (17) 

24.61 

139.6 (17) 

27.70 

2.04 


320 

140.6 (12) 

27.51 

148.3 (19) 

28.92 

1.55 


640 

133.3 (18) 

27.88 

157.3 (19) 

31.06 

1.04 


* Figures in parentheses = no. of surviving poults. 


plotted on the graph (fig. 1). For any given value, a line is 
run parallel to the abscissa to a point where it cuts the line 
of best fit. At this point a line is dropped perpendicular to 
the abscissa where the corresponding units of vitamin D from 
cod liver oil necessary to produce an equivalent bone ash may 
be read. This figure divided by the number of A.O.A.C. chick 
units of 7-dehydrochole8terol actually fed gives the efficacy 
ratio. 

There are two points of interest to be noted in experiment 
two. (1) Although the highest level of vitamin D fed in experi- 
ment 2 was twice that of the highest level in experiment 1, the 
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bone ash for this high level (Expt. 2) is less than that for the 
lowest level of vitamin D in experiment 1. This indicates 
definitely that calcium magnesium phytate is not a readily 
available source of phosphorus. One should not, however, 
infer that the phosphorus of natural plant phytin is neces- 
sarily as unavailable (vide infra). (2) As the vitamin D level 
in the diet increases, bone ash likewise increases. However, 
the increase in per cent bone ash at the higher levels, per unit 



AOAC UNITS VITAMIN D per IOOcm DIET 


no I ErncACY or t-oehydrocholesterol as commreo with 

COD LIVER OIL FOR PROMOTING BONE ASH IN POULTS 

of vitamin D fed, is considerably less than at the lower levels. 
Thus we have the greater efficacy ratios for 7-dehydrocholes- 
terol appearing at the lower levels. 

Is it possible to correlate these findings with the discrep- 
ancies that exist in the literature on the requirements of the 
turkey poult for vitamin Dt 

Common ( ’40) has analyzed some 30 constituents of English 
poultry feeds for phytin and concludes that in the usual mixed 
feed some 75% of the phosphorus derived from the cereals 
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will be in the form of phytic acid. One of us (E.P.S.) has 
analyzed corn, oats, bran and middlings for phytin with a 
slightly modified procedure from that used by Common. These 
analyses seem to run, on the average, some 5% higher than 
those of Common. This may be due to either a ditference in 
the technique involved or the actual content of phytic acid in 
the sample analyzed. Common’s findings of a considerable 
spread in the phytic acid content of different samples of feed- 
stuffs has been confirmed in this laboratory (i.e., different 
samples of wheat may analyze from 52-72% of the total 
phosphorus as phosphorus from phytin). That phytin 
phosphorus from different sources may also vary in its effec- 
tiveness in fulfilling the chicks requirements for this mineral 
is also indicated by some unpublished data of one of us 
(E.P.S.) . 

In view of the variations noted above, it is difficult to cal- 
culate the absolute values for phytin phosphorus in the various 
diets used by investigators in studying this problem. How- 
ever, in the case of Boucher’s diet (0.63% total phosphorus) 
which contained no added mineral phosphorus supplement, 
there would seem to be little question that the differences 
noted can be explained on the basis that the poults were forced 
to rely on phosphorus from phytin to satisfy their require- 
ments. Bird’s diet, on the other hand, contained 1.5% de- 
fluorinated superphosphate which, if it were all available, 
should furnish 0.399 inorganic phosphorus. On the basis 
of the data presented in table 1, this amount of inorganic 
phosphorus plus the 0.421% phosphorus (0.201% non-cereal 
phosphorus) from organic sources in the diet should have 
resulted in more equal calcification for all sources of vitamin 
D used. However, Matterson et al. ( ’45) and Bird et al. ( ’45) 
have shown that in the case of the chick and Ellis et al. ( ’45) 
in the case of rats, defluorinated superphosphate is not as 
effective for promoting bone calcification as is tri calcium 
phosphate or bone meal and if this same condition holds for 
the poult it would seem reasonable to suppose that the dif- 
ferences noted by Bird can be traced to the differences in 
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effectiveness of various sources of vitamin D in promoting 
the utilization of phytin phosphorus in his diet. The diet of 
Carver and Ehian (’42) was so high in non-cereal phosphorus 
(0.60%) that one would expect, on the basis of data presented 
here, to find but slight, if any, difference in the effectiveness 
of fortified oils as compared with cod liver oil, as indeed they 
did not. Hammond’s (’41) diet (0.48% non-cereal phosphorus) 
would seem to be approaching the normal requirement of the 
poult for this type of phosphorus, since his data show a re- 
quirement of 80 A.O.A.C. chick units from reference cod liver 
oil. It should be noted, however, that even at this level of 
non-cereal phosphorus, activated animal sterols exhibit a 
greater efficiency, 50 units of activated animal sterol being 
equivalent to 80 units of reference cod liver oil. 

The one discrepancy that stands out in sharp contrast to 
the hypothesis developed above is the work of Jukes and 
Sanford (’39). Their diet is calculated to contain 1.0% of 
total phosphorus and 0.638% of non-cereal phosphorus. This 
is a greater percentage of non-cereal phosphorus than appears 
in any of the other diets discussed above and if experimental 
conditions were comparable should have resulted in a much 
greater bone ash than these workers report. It seems futile 
to speculate as to the cause of this disagreement. Neverthe- 
less, it is interesting to note that their later paper (Sanford 
and Jukes, ’44), seems to give us a clue that some factor was 
operating to depress bone calcification. In their original work, 
U.S.P. cod liver oil No. 1 when fed at the 80 unit level gave 
a bone ash of 36.64%. In their later work, with a diet of the 
same constituent and percentage composition and using U.S.P. 
Eeference Oil No. 2, they report a bone ash figure of 43.4% 
at the 80 unit level. 

One may also note that with their diet No. 2, which more 
nearly approaches the other diets in mineral content and yet 
should furnish a sufficient quantity of total phosphorus for 
bone calcification, they report a lower bone ash at the 80 unit 
level with Eeference Oil No. 2 than they do for diet No. 1 with 
the same reference oil (40.4% as compared to 43.4%). 



FOBMS OF P, Dg AND COD LIVER OIL 


607 


CONCLUSIONS 

1. When the diet contains adequate amounts of readily 
available phosphorus, vitamin D from activated 7-dehydro- 
cholesterol and from cod liver oil produce approximately 
equal calcification in poults. 

2. Vitamin D from activated 7-dehydrocholesterol is more 
eifective than that from cod liver oil in promoting calcification 
in poults which are forced to rely upon phytin phosphorus to 
meet their requirements for this mineral. This difference in 
eflScacy ranges from 6.8 :1 to 1.04 :1 and varies inversely with 
the level of vitamin D in the feed. 

3. With but one exception (Jukes and Sanford, ’39) the 
discrepancies which appear in the literature as to the vita- 
min D requirement of turkey poults can be explained for the 
most part at least, on the basis of the availability of the 
phosphorus used with the various sources of vitamin D in the 
diet. When the diet is relatively high in the percentagfe of 
non-cereal phosphorus, both forms of vitamin D are effective 
at the lower levels reported. When the diet is relatively high 
in cereal phosphorus the vitamin D from cod liver oil is less 
effective and the greater eflScacy of activated animal sterols 
manifests itself. 
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SOME INTERRELATIONSHIPS OF DIETARY IRON, 
COPPER AND COBALT IN METABOLISM ^ 
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The curative etfect of cobalt in coast disease in South 
Australia, enzootic marasmus of Western Australia, bush 
sickness of New Zealand, nakuriutus of Kenya, pining dis- 
ease of Scotland, wasting disease of Western Canada, salt 
sickness of Florida, lake shore disease of Michigan and Wis- 
consin and Burton-ail of New Hampshire and Massachusetts 
(Marston, Thomas, Murname, Lines, McDonald, Moore and 
Bull, ,’38 ; Bowstead, Sackville and Sinclair, ’42 ; Killham, ’41 ; 
and Keener, Percival and Morrow, ’44) has led to the hy- 
pothesis that cobalt is an essential element for certain animals. 
In order to determine the role played by cobalt in normal 
metabolism and its relationship, if any, to iron and copper, 
this project was undertaken. A microchemical method de- 
veloped for cobalt analyses on high ash samples made this 
work possible. 

The initial purpose was to estimate cobalt retention at levels 
in the food characteristic of our diet; to determine the effect 
of iron and copper on cobalt, and of cobalt on iron and copper 
retention ; and to investigate the disputed interrelationships 
of iron and copper (Schultz, ’40), as well as the validity of 
application of data on iron and copper anemic animals to 
normal animals. 

' The material in this paper was presented before the meetings of the Biological 
Chemistry section of the American Chemical Society at New York, September 14, 
1944. 
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The plan of the experimentation was to vary systematically 
the iron, copper and cobalt content of an otherwise good 
diet and determine the response in food intake, growth, hemo- 
globin level and metal storage and retention in the healthy 
albino rat becoming anemic. 

EXPEBIMENTAL 

Test diets 

A basal diet low in iron, copper and cobalt but adequate for 
fair growth and hemoglobin level was prepared. Because of 
reports by Ahmad and McColliun (’39), Morris (’40) and 
Sylvester and, Lampitt ( ’40) of the low cobalt content of milk 
and milk powder, recently verified by Ellis,® the latter was 
selected as the main constituent of the basal diet. 

The composition of the basal diet prepared was as follows : 
Whole cow’s milk powder, 48.5%; washed sucrose,* 48.5%; 
washed Celluration,^ 2.0% ; C.P. sodium chloride, 1.0% ; and 
thiamine hydrochloride, 0.00034%. The washed sucrose was 
prepared by slowly extracting super-fine sucrose in a long 
glass Tswett column with 95% ethanol, to which a trace of 
ammonia had been added, then with ether and finally drying 
on exposure of a thin layer, protected from dust, to the air. 
The washed Celluration was prepared by soaking Celluration 
in approximately 0.2 molar hydrochloric acid solution for 
24 hours, with occasional shaking. The solution was filtered 
off and the extraction repeated the following day. The Cellu- 
ration then was rinsed several times with redistilled water 
and dried at 100°C. in Pyrex dishes. The basal metal-low diet 
was calculated to contain 13% protein, 0.46% calcium, 
Ca/P = 1.3, 0.0005% thiamine, 0.0008% riboflavin, 8.0 I.U. 
vitamin A and 4.4 Cal. per gm diet. 

* Private communications with G. H. Ellis, U, 8. Plant, Soil and Nutrition 
Laboratory, Ithaca, N. Y.; also published in part in Ind. Eng. Chem., Anal. Ed., 
vol. 17, p. 254 (1945). 

* Super 'fine sucrose. National Sugar Befining Company, New York. 

^Celluration (70% alpha cellulose, approximately 29% simple and hydro*- 

celluloses and a total ash less than 1.0%), Fischer Scientific Company, N. Y. 
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This basal diet was analyzed for its content of iron, copper 
and cobalt and ^ve diets of varying iron, copper and cobalt 
content devised for the metal studies as shown in table 1. 
For comparison, the calculated metal content of diet 13 of 
this laboratory also is given in this table. 

Animal technique 

Young healthy albino rats of a strain which had been for 
several generations on adequate diets of whole wheat, whole 
milk and table salt (diet 13, diet 130 and diet 140®), were 
selected from our stock colony. They were weaned at 28 days 
of age and killed or placed on the experimental diets at 31 to 

TABLE 1 

Metal composition of diets fed animals. 


DIET NO. 


I (Basal; low Fe Cu + Co) 
II (Basal -f Fe -f Cu) 

III (Basal -I- Fe -f Co) 

IV (Basal -f Fe + Cu -f Co) 

V (Basal + Fe + Cii + Co) 

13 * (Sherman stock (liet) 


METAL CONTENT OF DIETS 


Iron 

Copper 

Cobalt 

p.p m. 

p.p.m. 

p.p.m. 

2.4 

0.67 

0,003 

4.2 

5.5 

0.003 

4.2 

0.67 

0.083 

3.4 

5.5 

0.083 

4.2 

5.5 

0.083 

31 

6.2 

0.08 


‘ Calculated cobalt content of diet based on data of Ahmad and McCollum ( ^39). 


33 days old. The animals were divided into six groups so 
as to equalize, as experimentally practicable, their weight, 
sex, hemoglobin level and heredity. Animals to be subjected 
to the experimental diets were placed in individual galvanized 
wire cages which had been coated recently with aluminum 
paint. The cages had raised screen bottoms. 

Pood and distilled water were available to all animals ad 
libitum. Pood records were kept. All animals were weighed 
weekly and their hemoglobin level determined semimonthly. 

*31.6 to 32.9% whole cow^s milk powder, 63.3 to 65.8% whole wheat and 
5.1 to 1.3% sodium chloride. 
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At 0, 30 and 60 experimental days, an equal number of animals 
from each of the five diets was killed and the total carcass, 
minus the gastrointestinal tract, analyzed for iron, copper 
and cobalt. 

Analytical methods 

Hemoglobin measurements were made by a modified Hill 
and Pincock (’41) method, using 0.04% ammonia solution. 
Speetrophotometric measurements on hemoglobin solutions 
Avcre made at 540 mjj. 

Diets and rat carcasses were analyzed, without grinding, 
by a modified Marston and Dewey (’40) method. A sample 
was wet and dry ashed repeatedly at low temperatures for 
short intervals of time. The organic-free ash remaining was 
refluxed with 8 N hydrochloric acid and the iron present ex- 
tracted with isopropyl ether. Pinal determination of iron 
was made with o-phenanthroline. After evaporation almost to 
dryness of the ether extracted aqueous layer, containing the 
copper and cobalt, the residue was dissolved in water and the 
solution formed adjusted to pH 2.5-2.8. The copper was then 
extracted with dithizone in chloroform and finally determined 
with sodium diethyldithiocarbamate ; at this point, cobalt was 
extracted with a-nitroso-P-naphthol in carbon tetrachloride. 
Its final determinization was made with nitroso-R-salt. 

KESULTR AND DISCUSSION 

The effect of varying ratios of iron, copper and cobalt in 
five different diets is shown on food intake and growth (table 
2), hemoglobin level (table 3), metal content of fresh carcass 
after 30 days and 60 days on the experimental diets (table 4) 
and metal retention (table 5). 

Food intake, growth and hemoglobin level decreased almost 
as rapidly in animals on low copper diet III as in animals on 
low iron, copper and cobalt diet I. Doubling the iron and 
increasing the cobalt thirtyfold in the basal diet, in the absence 
of copper, did not benefit the animal markedly in these 
respects. The rapid drop of hemoglobin level of animals on 
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Average deviation of a single observation from the arithmetical mean. 



TABLE 3 

Eemoglohin level of animals on diets of varying metal content. 
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TABLE 4 


Irow, copper and cobalt content of animaU on diets of varying metal content. 


dikt 

days 

bats 

NO. 

or 

SEX 

METAL CONTENT PEE BAT 

METAL CONTENT PEE 100 QM FBESB 

EAT OAEOAS8 

ON 

PIKT 

EATS 

Iron 

Copper 

Cobalt 

Iron 

Copper 

Cobalt 

— 




mg 

fig 


fig 

mg 

gg 

go 


0 

3 

M 

1.63 ± 0.18 ‘ 

65.8 ± 

4.8 

0.06 ± 0.03 

3.48 ± 0.16 

141.0 ± 0.0 

0.11 ± 0.06 



3 

F 

1.71 ± 0.10 

65.5 ± 

6.0 

0.10 ± 0.06 

3.61 ± 0.03 

137.0 ± 4.0 

0.22 ± 0.16 



6 

m + f 

1.67 ± 0.14 

65.7 ± 

5.4 

0.08 ± 0.05 

3.55 ± 0.10 

139.0 ± 2.0 

0.17 ± 0.11 

1 

30 

1 

M 

1.63 

63.9 


0.55 

2.02 

79.2 

0.68 


2 

F 

1.63 ± 0.13 

49.7 ± 

5.6 

0.52 ± 0.12 

1.92 ± 0.17 

58.5 ± 7.2 

0.61 ± 0.13 



3 

M + F 

1.63 

56.8 


0.54 

1.97 

68.9 

0.65 

ir 

30 

1 

M 

2.66 

114.9 


0.53 

2.61 

113. 

0.52 



2 

F 

2.03 ± 0.08 

75.4 ± 

5.6 

0.77 ± 0.21 

2.08 ± 0.10 

77.1 ± 5.2 

0.79 ± 0.21 



3 

M + F 

2.35 

95.2 


0 65 

2.35 

95.1 

0.66 

HI 

30 

1 

M 

2.01 

58.4 


1.16 

2.28 

66.2 

1.31 



2 

F 

1.66 ± 0.31 

51.7 ± 

2.7 

1.28 ± 0.05 

1 2.09 ± 0.24 

66.2 ± 8.5 

1.64 ± 0.19 



3 

M + F 

1.84 

55.1 


1.22 

2.19 

66.2 

1.48 

TV 

30 

1 

M 

2.38 

108.2 


1.45 

1 2.23 

102. 

1.36 



2 

F 

1.91 ± 0.09 

86.5 ± 

3.5 

1.44 ± 0.41 

* 2.07 ± 0.05 

93.8 ± 6.2 

1.57 ± 0.48 



3 

M + F 

2.15 

97.4 


1.45 

1 2.15 

97.9 

1.47 

V 

30 

1 

M 

3.1 

160. 


2.3 

j 2.9 

150. 

2.2 



2 

F 

2.36 ± 0.53 

100.2 ± 

6.0 

1.53 ±0.24 

2.41 j: 0.35 

104.7 ± 14.9 

1.57 ± 0.12 



3 

M + F 

2.73 

130.1 


1.93 i 

2.66 

127. 

1.89 

I 

60 

2 

M 

1,89 ± 0.14 

50.1 ± 

36 

0.33 ± 0.03 

1.52 ± 0.03 

40.7 ± 5.3 

0.26 ± 0.01 



2 

F 

2.13 ± 0.14 

46.5 ± 

0.1 

0.56 ± 0.08 

1.94 ± 0.02 

42.5 ± 3.2 

0.52 ± 0.11 



4 

M + F 

2.01 ± 0.14 

48.3 ± 

1.9 

0.45 ± 0.06 

1.73 ± 0.03 

41.6 ± 4.3 

0.39 ± 0.06 

TT 

60 

2 

M 

3.21 ± 0,03 

143.4 ± 

1.3 

0.64 ±012 

2 01 ± 0.08 

89.8 ± 3.4 

0.40 ± 0.06 



2 

F 

3.23 ± 0.20 

127.0 ± 

1.2 

0.77 ± 0.21 

2.27 ± 0.13 

89.7 ± 11.3 

0.57 ± 0.22 



4 

M + F 

3.22 ± 0.12 

135.2 ± 

1.3 

0.71 ± 0.17 

2.14 ± 0.11 

89.8 ± 7.4 

0.49 ± 0.14 

[II 

60 

2 

M 

2.10 ± 0.32 

54.5 ± 

6 5 

1 17 ±041 

1.92 ± 0.02 

49.9 ± 2.1 

1.03 ± 0.21 



2 

F 

2.23 ± 0.27 

44.8 ± 

1.3 

1.11 ±010 

2.45 ± 0 08 

50 0 ± 5.9 

1.24 ± 0.22 



4 

M + F 

2.17 ± 0.30 

49.7 ± 

3.9 

1.14 ±0.26 

2.19 ±0.05 

50.0 ± 4.0 

1.14 ± 0.22 

IV 

60 

2 

M 

2.87 ± 0.01 

142.1 ± 

7.6 

1.80 ±0 70 

1 80 ± 0 01 

88.9 ± 4.5 

1.12 ± 0.44 



2 

F 

2.84 ± 0.17 

145.7 ± 30.2 

2.26 ± 0.24 

2.00 ± 0.02 

102.0 ±16 2 

1.61 ± 0.25 



4 

M + F 

2.86 ± 0.09 

143.9 ± 18.9 

2.03 ± 0.47 

1.90 ± 0.02 

95.5 ±10 4 

1.37 ± 0.35 

V 

60 

2 

M 

3.05 ± 0 05 

114.4 ± 

56 

1 60 -+• 0 

2 07 ±0.17 

77 6 ± 8 9 

1.10 ± 0.5 



2 

F 

2.90 ± 0 00 

126.3 ± 18.0 

1.30 ±0 20 

2 32 ± 0 21 

102.4 ± 23 6 

1.10 ±03 



4 

M + F 

2.98 ± 0.03 

120.4 ± 11.8 

1.50 ± 0 50 

2 20 ±019 

90.0 ± 16,3 

1.10 ± 0.4 


^'erage deviation of a single observation from the arithmetical mean. 
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diet III at the end .of 15 days showed inadequate copper 
storage in the weaned animal. The increase of iron and cobalt 
of diet III over diet I, while reflected in increased iron and 
cobalt carcass values, did not change markedly the copper 
content per 100 gm fresh carcass or copper retention. Cun- 
ningham ( ’31) had found similar results for added inorganic 
iron alone. 

The addition of copper (diet V) to a diet low in copper 
(diet III) resulted in the expected good biological response. 
While this increase in copper only slightly increased the iron 
and cobalt content per 100 gm fresh carcass and cobalt reten- 
tion, it doubled the iron retention. This observation, on ani- 
mals becoming anemic, confirms the findings of Bing, 
Saurwein and Myers (’34), who had obtained results seem- 
ingly contradictory to those of Josephs (’32) on anemic 
animals. 

Animals on low cobalt diet II showed a food intake, growth 
and condition comparable to animals on high cobalt diet V. 
The addition of cobalt to the diet did not affect the iron and 
copper content per 100 gm carcass or iron and copper reten- 
tion. Likewise, the addition of iron and copper to diet I to 
give diet II did not significantly increase the cobalt content 
per 100 gm carcass or cobalt retention. 


TABLE 5 

Calculated retention of dietary iron, copper and cohalt hy animals. 


MUTAL 

DAYS 

NO. 


AVKBAGS RETENTION PER BAT, 

DIETS 



ON 

DIET 

OF 

RA’^S 

I 

TI 

III 


IV 


V 

Iron 

30 

3 

% 

-.12.0 ±13' 

% 

60.0 ± 20 

% 

8.0 ± 24 

% 

54.0 ± 19 

% 

97.0 ± .12 


60 

4 

35.0 ± 6 

73.0 ± 2 

31.0 ± 

8 

73.0 ± 

5 

66.0 ± 3 

Copper 

30 

3 

- 8.3 ± 2 9 

1.9 ± 0.9 

-9.8 ± 

1.7 

2.5 ± 

05 

4.4 ± 1-3 

60 

4 

- 6.4 ± 0.8 

2.5 ± 0.2 

-6.2± 

1.2 

3.0 ± 

03 

2.1 ±03 

Cobalt 

30 

3 

75.0 ± 10 

90 0 ± 15 

7.7 ± 

06 

7.9 ± 

0.9 

8.9 ± 1*0 


60 

4 

30.0 ± 5 

42.0 ± 6 

3 3 ± 

0.4 

4.9 ± 

0.5 

3.6 ± 0.6 


‘ Average deviation of a single observation from the arithmetical mean. 
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Food intake and growth were as good for animals on diet 
IV as on diet V. The slightly lower iron content of diet IV 
in comparison to diet V was reflected in a lower iron carcass 
value as well as a lower hemoglobin level in the animal. This 
small decrease in iron of the diet resulted in no significant 
change in copper or cobalt content per 100 gm fresh carcass 
or copper and cobalt retention. 

All animals on the five diets increased in total iron and 
cobalt. However, animals on copper-low diets I and III utilized 
the copper so poorly that they lost more body copper than 
they retained from the diets. Animals on the high copper 
diets II, TV and V stored copper. Likewise, animals on diets 
I and III had an average copper retention of — 6.2 to 
— 6.4%, while those on diets IT, IV and V had a 2.1 to 3.0% 
copper retention. While iron may be rather tenaciouslv re- 
tained by the body, this is not the case for copper which can 
be lost from body stores in the healthy rat. Although anemic 
animals generally are considered to retain more metal than 
normal animals on the same diet, a weaned animal becoming 
anemic on a copper-low diet actuallv retained less copper 
than a litter mate on a good copper diet. 

Animals on low copper diets I and TIT retained only 31 to 
35%i iron, while animals on high copper diets II, IV and V 
retained 66 to 73% iron. It is evident that the relatively poor 
utilization of the iron in the milk diets was due to its low 
content of copper. 

In the case of cobalt, cobalt retention on low cobalt diets 
(0.003 part per million cobalt) Avas found to be 30 to 42%, 
while retention on high cobalt diets (O.OSp.p.m. cobalt) was 
3.3 to 4.9%. No retention data for low cobalt diets have yet 
appeared in the literature. However, Oopp and Greenberg 
( ’41) reported that a 12-week-old rat retained, after 96 hours, 
2.7% of a single 10 Mg dose of radioactive cobalt gi'’en with 
a stomach tube. 

It is seen that the cobalt content per gm fresh carcass var’es 
with diet, age and sex of the animal. The cobalt content on 
the fresh basis for 31- to 33-, 60- and 90-day old rats on low 
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cobalt diet II was found to be 0.002 p.p.m., 0.007 p.p.m. and 

0.005 p.p.m., respectively. On high cobalt diet IV, the 90-day- 
old rat contained 0.014 p.p.m. In table 4, considering all cases, 
the female rat had a significantly higher cobalt content per gm 
fresh carcass than her brother. Underwood and Elvehjem 
( ’38) were unable to demonstrate' any difference in cobalt 
content of rats fed mineralized cobalt-low milk and a stock 
diet. Cobalt storage on excessive cobalt dosing had already 
been shown (Josland and McNaught, ’38). 

It had been known that the cobalt requirement of the rat, 
if any, must be very small. Underwood and Elvehjem ( ’38) 
and Underwood ( ’40) came to the conclusion that the cobalt 
requirement of the rat was less than 0.6 Mg and 0.4 Mg per rat 
per day, respectively. Prom the data obtained from the pres- 
ent research, the cobalt requirement of the albino rat has been 
calculated to be less than 0.03 Mg per rat per day. This would 
amount to less than 0.7 Mg of cobalt per 1000 Cal. 

SUMMARY 

Five diets of varying ratios of iron, copper and cobalt were 
fed to young healthy albino rats and the effect of the three 
metals on food intake, growth, hemoglobin level and metal 
storage and retention determined. The results were as fol- 
lows: 

1. Low levels of iron or copper decreased food intake, 
gro'wth and hemoglobin level, but 0.003 p.p.m. to 0.08 p.p.m. 
of cobalt in the diet showed no difference in these responses. 

2. Tentatively, cobalt retention, at levels characteristic of 
the food supply, was calculated. Cobalt retention on low 
cobalt diets (0.003 p.p.m. cobalt) was 30 to 42%, while reten- 
tion on high cobalt diets (0.08 p.p.m. cobalt) was 3.3 to 4.9%. 

3. The cobalt content per gm of fresh rat carcass varied 
with the diet, age and sex of the animals. 

4. Iron and copper did not affect cobalt retention nor cobalt 
markedly iron and copper retention. 

5. The iron and copper in the basal milk diet were rela- 
tively poorly utilized by the rat. Added copper doubled this 
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iron retention, while added iron had only a small or insig- 
nificant effect on this copper retention, within the range of 
iron used in these experiments. 

6. The body conserved its iron with relatively greater 
efficiency than its copper. 

7. While anemic animals retain more metal than normal 
animals on the same diet, a normal animal becoming anemic 
on a copper-low diet retains less copper than a litter mate 
in better condition on a good copper diet. 
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The hepato-renal syndrome of choline deficiency is now 
a well recognized entity in the albino rat. While fatty infiltra- 
tion of the liver with its sequelae of necrosis and cirrhosis 
may be produced in rats of any age, renal lesions have only 
been observed consistently when weanling rats were offered 
diets which were choline free and of low methionine content 
but adequate in all other respects. Cholesterol, cystine and 
a high fat intake increase both the incidence and severity of 
the disease. This situation has been amply reviewed by 
Griffith (’41). There are also a few references to such lesions 
in older animals but these have not been consistent. From 
the work of Griffith it has seemed that such lesions are most 
likely to occur at that time when the rate of growth of the 
animal is at a maximum and when the phospholipid turnover 
in the kidney is greatest. These concepts have been substan- 
tiated by the work of Engel and Salmon ( ’41) and of Patter- 
son, Keevil and McHenry (’44). The present paper records 
some observations concerning the effects of other dietary 
factors and lipotropic substances on the production of such 
lesions in young rats and the occurrence of these lesions in 
older rats. 
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EXPEBIMENTAL 

All the rats used in these studies were males of the Vander- 
bilt strain (Wolfe et ah, ’38). After weaning they were grown 
to a weight of 50 gm on a commercial stock chow and then 
transferred to the experimental diets. They were housed 
either in separate cages or in “group” cages, 4 rats per cage. 
Unless otherwise stated, all rats which did not die earlier 
were killed by decapitation on the eighth experimental day. 
Liver fat determinations were performed in the manner previ- 
ously reported (Handler and Dann, ’42). A few kidneys from 
each group were bisected and fixed in formalin, then sectioned 
and stained with hematoxylin and eosin. Complete histo- 
pathplogical descriptions will not be presented since the 
lesions, when found, so closely resembled those described by 
Christensen (’42). 

Food consumption was measured daily. However, the fig- 
ures in the table were calculated only for the first 5 days on 
the experimental diet since many animals, on becoming ill on 
the sixth day or later completely stopped eating and com- 
parison of food intake for the entire experimental period with 
animals which did not show kidney lesions would not be valid. 
The food intake for rats in group cages was, of necessity, 
calculated as one-quarter of the food disappearing in each 
group cage. All values in the tables are expressed in terms of. 
one rat for the 5-day period. 

The various diets used are summarized in table 1. The 
additions noted in table 2 were actually substituted for an 
equivalent amount of the dietary carbohydrate. In addition 
all diets except Kio contained, in mg per kilo, thiamine hydro- 
chloride 5, riboflavin 10, calcium pantothenate 40 and pyri- 
doxine 3. 

■ The system of grading kidney lesions requires some ex- 
planation. One plus (-f-) indicates lesions in only one kidney, 
usually only a slight mottling and almost invariably this was 
in the right kidney. Two plus (•+•+) indicates some gross 
lesions in both kidneys. Three plus (-}-++) indicates the 
full blown disease with two, large, hyperemic, almost spleen 
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colored kidneys while four plus (++++) has been used to 
indicate the existence of hemorrhage extending beyond the 
kidney and into the dorsal wall of the peritoneum. This sys- 
tem is crude but was quite helpful in comparing the effects 
of different dietary regimes. 

TABLE 1 


Composition of diets,^ 



Ki 

K. 

Ka 

K» 

Ks 

K« 

K- 

Ka 

Kb 

Kio 

Kxx 

Kx2 

K,a 

Casein 

15 

15 

15 

15 

15 

10 

8 

6 

4 

10 

12 

10 

12 

Sucrose 

58 

— 

— 

— 

— 

— 

— 

— 

— 

84 

71 

67 

57 

Starch 

— 

— 

58 

— 

— 

63 

65 

67 

69 

— 

— 

— 

— 

Glucose 

— 

58 

— 

— 

— 

— 

— 

— 

— 

— 


— • 

— 

Lactose 

— 

— 

— 

58 

— 

— 

— 

— 

— 

— 

— 

— 

— 

Galactose 

— 

— 

— 

— 

58 

— 

— 

— 

— 

— 

— 

— 

— 

Cotton oil 

15 

15 

15 

15 

15 

15 

15 

15 

15 

— 

— 

15 

15 

Salts “ 

5 

5 

5 

5 

5 

5 

5 

5 

5 

4 

4 

4 

4 

Crisco 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

10 

— 

5 

Cod liver 
oil 

5 

5 

5 

5 

5 

5 

4 

4 

4 



4 

5 

Cholesterol 

1.0 

1.0 

1.0 

1.0 

0.5 

0.5 

0.5 

0 5 

0.5 

— 

0.5 

— 

1.0 

Cysti'^e 

0.4 

0.4 

0.4 

0.4 

0.4 

0.4 

0.4 

0.4 

0.4 

— 

0.4 

— 

0.5 

Cellulose 

— 

— 

— 

— 

— 

— 

— 

— 

— 

2.0 

2.0 

— 

— 

Sulfasuxi- 

dine 

— 


— 

— 

— 

--- 


— 


1.0 

1.0 

— 

— 


* The additions noted in table 2 were substituted for an equivalent amount of 
dietary carbohydrate. In addition all diets except Kio contained, in mg/kg, thia- 
mine 5, riboflavin 10, calcium pantothenate 40 and pyridoxine 3. 

*Hiibbell, K. G., L. B. Mendel and A. J. Wakrman, 1937, J. Nutrition, vol. 14, p. 
273. 


Production of hemorrhagic kidneys in young rats 

When rats were housed in single cages the diet K,, which 
was patterned after those described by GrifBth (’41), proved 
most suitable for the production of kidney lesions. As shown 
in table 2, all rats on this basal diet showed some sign of 
kidney damage. However, when the animals were housed in 
group cages during the experimental period both the incidence 
and severity of the disease was markedly less than in the 
single cages, although liver fat concentrations and food in- 
take were of the same magnitude in both groups. The only 
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explanation which has suggested itself is that the practice of 
coprophagy provided the rats in group cages with sufficient 
choline (or source of labile methyl groups) to protect the 
kidney against injury but not enough to reduce liver fat con- 
centrations effectively. Evidence suggesting that some syn- 
thesis, presumably intra-intestinal, of such compounds does 
occur has recently been furnished by du Vigneaud et al., ( ’45). 

In an attempt to increase the demand for methionine and 
therefore choline, nicotinamide was added to the diet at a 
concentration of 0.5%. The rationale for this procedure has 

TABLE 2 


Effeots of various dietary factors on incidence of hemorrhagic kidneys when used 
as supplements to the basal ration Kf 


SPRCTATi 

STJl'PLrMLNT 

NO. 

RATS 

FOOD 

INTAKE 

1.IVER 

FAT 

HEMORRHAGIC KIDNEYS 

4 + 3 + 2 + + 0 

TYPE OF 
CAGE 


24 

gm 

40 

% 

14.7 

1 

15 

7 

1 

0 

Single 


24 

36 

16.0 

0 

0 

6 

8 

10 

Group 

0.5% Nicotinamide 

12 

21 

18.4 

0 

4 

4 

3 

1 

Group 

0.5% Nicotinamide 

12 

22 

20.2 

0 

2 

4 

3 

3 

Single 

0.25% Inositol 

24 

37 

12.8 

17 

6 

0 

1 

0 

Single 

0.25% Inositol 

12 

34 

11.6 

1 

7 

2 

1 

1 

Group 

0.25% Inositol + 

0.5%. nicotinamide 

24 

22 

13.1 

8 

7 

5 

3 

1 

Group 

a-Tocopherol 500 fig/day 

12 

36 

15.9 

0 

7 

4 

0 

1 

Single 

o-Tocopherol .500 jug/day 
-1- 0.2,5% Inositol 

12 

38 

9.7 

0 

2 

3 

3 

4 

Single 

1% Lipocaic 

24 

35 

9.1 

0 

1 

7 

n 

9 

Single 

2% Meat extract 

12 

40 

6.1 

0 

0 

0 

0 

12 

Single 

5% Liver extract 

12 

39 

5.4 

0 

0 

0 

0 

12 

Single 

Biotin 20/tg/day + 
folic acid 20 /wg/day 

12 

39 

17.1 

0 

6 

5 

1 

0 

Single 

0.15% Choline 

24 

41 

8.7 

0 

5 

4 

8 

8 

Single 

0.25% Choline 

24 

42 

4.8 

0 

0 

3 

6 

15 

Single 

0.5% Nicotinamide + 
0.35% methionine 

12 

30 

7.7 

0 

1 

2 

4 

7 

Group 

0.25% Choline + 

0.5% nicotinamide 

24 

26 

11.4 

0 

”7 

2 

8 

8 

Group 

0.5% Choline + 

0.5% nicotinamide 

24 

29 

6.1 

0 

0 

0 

2 

22 

Group 

Choline 6 mg/day + 

0.25 inositol 

12 

37. 

8.7 

2 

3 

4 

1 

2 

Single 
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been discussed by Handler and Dann (’42). This resulted in 
a considerably increased incidence of hemorrhagic kidneys in 
the rats in group cages but actually diminished the number 
seen in single cages. The latter etfect appears to have been 
due to the diminution of food intake caused by the nicotina- 
mide induced methionine deficiency. 

Effects of various lipotropic and alipotropic factors 

The effects of various materials which have been suggested 
as having lipotropic or alipotropic activity were then tested. 
The results are also included in table 2. While somewhat re- 
ducing the liver fat concentration, inositol actually appeared 
to increase the incidence and severity of the renal syndrome. 
In many inositol fed animals the gross hemorrhage which is 
primarily intra and subcapsular appeared to spread out so 
that the entire dorsal wall of the peritoneum appeared 
hemorrhagic. Such animals also invariably showed hemor- 
rhage in the pericardium, lungs and eyesockets as well. These 
extensive lesions were seldom seen on diets w’hich did not 
contain inositol. 

Tocopherol deficient chicks exhibit capillary damage which 
is manifested as a generalized exudative diathesis which is, 
however, prevented by the administration of inositol (Dam 
and Glavind, ’42). Of itself, tocopherol exerted no activity in 
the present experiments. Tocopherol plus inositol, however, 
significantly decreased the incidence of hemorrhavic kidneys 
below that seen in the control groups, in striking contrast to 
the action of inositol alone. This combination also exerted 
significant lipotropic action in the liver. Since inositol has 
been implicated as an active component of “lipocaic” prepa- 
rations (Abels et al., ’43; Gavin and McHenry, ’41a’i, it was 
thought of interest to test its activity against choline de- 
ficiency hemorrhagic kidneys. Lipocaic was prepared by the 
method of Clark et al. (’39) from frozen beef pancreas ob- 
tained commercially and was included ns 1% of the diet. 
At this- level the preparation proved quite efficacious in pre- 
venting hemorrhagic kidneys. Unfortunately, the choline con- 
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tent of the preparation, determined by colorimetric estimation 
of the reineckate, permitted a daily intake of about 1,8 mg of 
choline. This level of choline plus 0.25% inositol had relatively 
little effect on the incidence of renal lesions. However, it can- 
not be stated whether the activity of the lipocaic was a direct 
one on the kidney, a sparing action in .the liver or, perhaps, 
due to more complete liberation and availability of the 
methionine in the dietary casein (Chaikoff et al., ’45). We 
are now attempting to obtain a choline free preparation of 
lipocaic to test it in this manner. It should be noted that the 
lipocaic also effectively prevented the accumulation of liver 
fat as well. 

The fatty livers of depancreatized dogs maintained on a 
diet Of lean beef and sucrose do not occur when the insoluble 
residue from the preparation of commercial meat juice ex- 
tract are fed, but are manifested when the meat extract is 
included in the diet (Ealli and Eubin, ’42). It seemed of inter- 
est to test the effect of meat juice by the present technique 
and it was found that when meat extract ^ was included as 
2.5% of the diet only normal livers and kidneys were found. 
However choline analysis revealed that the preparation was 
providing about 17 mg of choline per day which, even in the 
presence of the inositol may well have been sufficient to 
account for the results. 

Because of the suggestion that biotin increases the demand 
for lipotropic factors (Gavin and McHenry, ’41 b) the effects 
of biotin,* crystalline folic acid ® and a liver extract prepared 
according to the directions of McHenry and Gavin ( ’40) were 
tested. Neither biotin nor folio acid nor a combination of the 
two appeared to have any effect. The liver extract, rather 
than increasing the demand for lipotropic factors, actually 
prevented the appearance of hemorrhagic kidneys. This again 
was undoubtedly due to its choline content as it provided at 
least 11 mg of choline and an unknown amount of methionine 

• Valentine ’s, 

• Merck. 

• Lederle. 
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per day. The actual roles of biotin, folic acid and inositol in 
the homeostatic control of liver fat concentrations has been 
discussed elsewhere (Handler, *46). 

Influence of the dietary carbohydrate on the incidence 
of hemorrhagic kidneys 

Griffith (’41) has stated that starch used in place of sucrose 
in synthetic diets prevented the appearance of hemorrhagic 
kidneys although no data were presented illustrating the point. 
We have tested the effects of substituting starch, glucose, 
lactose and galactose for the sucrose of diet Kj. In contrast to 
Griffith’s statement both glucose and starch were found to 
be effective in such diets. When lactose or galactose were 


TABLE a 

Effects of various carbohydrates in choline deficiency^ 
All rats were housed in single cages. 


DIET 

CARBO- 

HTORATR 

NO. 

RATS 

FOOD 

INTAKE 

LIVER 

FAT 

HRMOBRHAOIC KIDNEYS 

4+ 3-f 2+ + 0 




gm 

% 






K, 

Sucrose 

24 

40 

14.7 

1 

15 

7 

1 

0 

K. 

Glucose 

12 

38 

13.9 

0 

7 

2 

3 

0 

K. 

Starch 

12 

37 

15.5 

0 

6 

3 

2 

1 

K, 

Lactose 

12 

26 

7.4 

0 

0 

0 

1 

11 

K. 

Galactose 

12 

24 

8.1 

0 

0 

0 

0 

12 


used no kidney lesions were found and further, there was 
only a relatively small increase in liver fat concentration. 
The daily food consumption was lower on these two diets, and 
it seems possible that this may account for these effects. While 
it is not shown in the data (table 3), those rats which ate 
most and did gain weight showed the largest liver fat con- 
centrations. No rats on these diets ate or grew as well as 
those on the other diets. The general nutritional inadequacy 
of lactose as the sole carbohydrate in the diet of the rat has 
already been reported by Ershoff and Deuel ( ’44) who found 
that young rats die after 2 to 3 weeks on such diets. An attempt 
to determine the underlying mechanism of this nutritional 
failure will be described in a subsequent report. 
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Delayed appearance of hemorrhagic kidneys 

While attempting to determine the optimal dietary condi- 
tions for the production of dietary hepatic cirrhosis, studies 
were made in which various levels of casein were tried (Hand- 
ler and Dubin, ’46). The diets used are summarized in table 1. 
At casein levels of 15, 10 and 8% (diets Ki, g, 7) the incidence 
of deaths due to kidney damage between the sixth and thir- 
teenth day were 65, 40 and 25% of the total number of animals, 
respectively. No animals died in this manner after the thir- 
teenth day although they were maintained for 120 days on 
the same diets. When casein was fed as 6% of the diet, 
(Ka) no deaths occurred during the apparently critical period 
found in the series above. Surprisingly however, 17 out of 
24 rats then died between the thirty-fourth and forty-fifth day 
of the experiment with acutely hemorrhagic kidneys. The 
survivors were sacrificed after 120 days at which time all but 
one were found to have the characteristic gross “frosted” 
kidneys indicative of kidney lesions which had healed and this 
was confirmed by examination of the sections. A second 
group of 24 animals were placed upon the same diet and 
groups of 6 were sacrificed at weekly intervals. No kidney 
lesions were noted in any but* the last group sacrificed (28 
days). It should also be added that no lesions were found 
when 4% casein was fed (Kg). 

A delayed development of renal damage due to choline de- 
ficiency has also been noted under other conditions. These 
have been described elsewhere (Handler, ’46) and so merit 
only brief mention in the present report insofar as is per- 
tinent to the discussion. Male rats were fed diet Km which 
contained 10% casein and no fat or B vitamin supplement 
for 21 days after they had been grown to a weight of 80 gm on 
a stock ration. They were then transferred to diet Ku which 
contained 12% casein, 10% crisco and adequate B vitamins 
including biotin and folic acid and sacrificed after 8 days. 
Nine out of 12 animals showed varying degrees of renal 
damage and all showed markedly fatty livers. Choline alone 
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was sufficient to prevent the renal lesions but did not quite 
produce normal liver fat concentrations. Inositol plus 
tocopherol also reduced the incidence of the kidney lesions 
and also considerably diminished the liver fat concentrations. 
While this appearance of hemorrhagic kidneys is not delayed 
in the same sense as those in the preceding experiment, it 
does again demonstrate that there is no critical age for the 
development of such lesions, but rather only a critical situa- 
tion which may be produced or occur at any age. 

Hemorrhagic kidneys in unilaterally 
nephrectomised rats 

The renal lesions of choline deficiency have only occasionally 
been noted to develop in mature rats. To check this, diets Ki 
(15% casein) and K7 (8% casein) were each offered to a 
group of 12 rats after they had attained a weight of 250 gm 
on a stock ration. The animals were sacrificed after 100 
days. Four of the rats on K7, exhibited grossly cirrhotic livers 
and all livers in both groups were extremely fatty although 
quantitative estimations were not performed. All the animals 
on Kj were found to have normal kidneys and 3 rats on K7 
appeared to show slight renal damage. 

Forty adult male rats, all of which weighed more than 
250 gm were then fed diet K12 (10% casein) for 6 weeks to 
deplete them of any choline or labile methyl reserves. They 
were then subjected to unilateral nephrectomy under ether 
anesthesia. In each case, the right kidney was removed as 
this is normally slightly larger than the left kidney (see 
table 4). They were then changed to diet Ki., (12% casein, 
20% fat) and groups of 10 were sacrificed after 8, 10, 12 and 
14 days. The results and comparison with control animals 
on a stock regime are shown in table 4. It will be seen that 
hemorrhages were noted in all groups but the critical period 
appeared to lie between the tenth and fourteenth day at^ter 
nephrectomy. Actually 4 rats were found dead on the thir- 
teenth day with severe renal lesions and are included in the 
table with the group sacrificed on the fourteenth day. The 
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large size of the kidneys noted in these rats was undoubtedly 
due to a combination of hypertrophy and hyperemia such as 
that seen in choline deficient weanling rats on such diets. 

As a control, }.2 rats of the same size maintained on a stock 
ration were subjected to unilateral nephrectomy in the same 
fashion. Two weeks later they were placed on diet Kig. All 
rats survived for another 6 weeks when they were sacrificed. 
Moderate lesions were found in only one rat. 

TABLE 4 


Hemorrhagic Mdneys in unilaterally nephreotomissed rate* 
Each value is a mean for a group of 10 rats. 


STATE or EATS . 

DIET 

TIME 

liBFT 

KIDNEY 

WEIGHT 

RIGHT 

KIDNEY 

WEIGHT 

HEMORRHAGIC KIDNEYS 

3 + 2 + + 0 




days 

fffn 

gm 





Normal 


stock 

0 

0.61 

0.67 

0 

0 

0 

10 

Bight kidney 

removed 

Stock 

8 

1.04 

0.71 

0 

0 

0 

10 

Bight kidney 

removed 

Stock 

14 

1.17 

0.70 

0 

0 

0 

10 

Bight kidney 

removed 

K„ 

8 

1.08 

0.66 

0 

0 

3 

7 

Bight kidney 

removed 

K« 

10 

1.19 

0.72 

0 

1 

4 

5 

Bight kidney 

removed 

Ku 

12 

1.38 

0.70 

0 

3 

3 

4 

Bight kidney 

removed 

Ku 

14 

1.70 

0.74 

3 

3 

2 

2 


DISCUSSION 

The data presented show that renal lesions due to choline 
deficiency may occur or be induced at any age and are most 
likely to occur when the food consumption, growth rate and 
lipid turnover are maximal. Ordinarily, the lipid turnover 
in the kidney probably parallels that in the entire animal. 
During the period of hypertrophy after unilateral nephrec- 
tomy in adult animals, however, it appeared that the demand 
for lipotropic factors was at least as great as in the young 
growing rat and when these were not provided in the diet the 
•typical picture of choline deficiency renal damage was found 
in the remaining kidney. Further, renal damage due to choline 
deficiency appears to be an acute rather than a chronic cumula- 
tive process. The study of delayed appearance of such lesions 
on the 6% casein diet (Kg) confirmed this concept with regard 
to the morphological aspect of the kidneys, yet demonstrated 
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that such damage may occur at any time during the life cycle 
if proper conditions exist, although it is difficult to state pre- 
cisely what these conditions are. 

Despite its lipotropic action in the liver, inositol did not 
afford any protection against renal damage, but, if anything, 
appeared to increase both the severity and incidence of the 
disease. On the other hand a combination of inositol and 
tocopherol offered some protection. A lipocaic preparation 
also appeared to offer a greater degree of protection than was 
warranted by its choline content. It cannot be said whether 
this was due to a combination of factors or to an actual chem- 
ical entity which has been designated as lipocaic. If the 
preparation contained an appreciable amount of tocopherol 
and inositol this might have been responsible for the observed 
activity. This would parallel the inositol-tocopherol relation- 
ship in preventing the capillary damage and exudative dia- 
thesis of vitamin E deficiency (Dam and Glavind, ’42). Dam 
( ’44) has stated that no tocopherol was found in an alkaline 
hydrolysate of a lipocaic preparation but it is doubtful that 
any tocopherol could have remained after such drastic treat- 
ment nor would it necessarily have split an inositol-tocopherol 
ether such as that proposed by Milhorat and Bartels (’45). 

SUMMABY 

Rats housed in group cages failed to develop the renal 
lesions of choline deficiency on a diet which was quite effective 
when the rats were in single cages. The addition of nicotina- 
mide to this diet resulted in renal lesions even in the rats 
housed in group cages. While inositol exerted lipotropic 
activity in the liver, it appeared to increase slightly the inci- 
dence of hemorrhagic kidneys due to choline deficiency. A 
combination of inositol and tocopherol as well as a lipocaic 
preparation significantly decreased the incidence of such 
lesions while biotin and folic acid were without effect. Wean- 
ling rats on a diet containing 6 % casein did not develop 
hemorrhagic kidneys until after 35 to 45 days, in contrast to 
rats receiving diets of higher protein concentration which 
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develop such lesions in 6 to 10 days. While few adult rats 
developed renal lesions on choline deficient rations, choline 
deficient adult rats subjected to unilateral nephrectomy uni- 
formly showed such lesions after 10 to 14 days, the period 
during whjch^ the remaining kidney hypertrophied. When 
adujt nephre^tomized rats were placed on a choline deficient 
regime 2 weeks after the operation, renal damage was ob- 
served in qrnly one of 12 animals although they were continued 
on the diet for 6 weeks. 
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Excretion of thiamine has been used in various ways as 
an indication of the state of nutrition with respect to thiamine. 
The purpose of the work reported here was to compare the 
results of four methods for studying urinary excretion of 
thiamine in subjects on a liberal intake of thiamine. The tests 
used were: (1) basal 24-hour excretion, (2) percentage of 
intake excreted, (3) response to a 5-mg oral test dose, and 
(4) response to a 1-mg intramuscular test dose. The level of 
intake was that recommended for adults by the Food and 
Nutrition Board of the National Research Council at the time 
the study was conducted (National Research Council, ’43). 
Several studies have been reported in which investigators 
have used one or two of these tests and have correlated their 
figures with the appearance or disappearance of physical 
symptoms of thiamine deficiency. Melnick (’44) and Holt 
( ’44) have reviewed most of these investigations. No study 
has been reported in which these four urinary excretion tests 
were conducted during the same experiment on normal sub- 
jects whose intake of thiamine was controlled and constant. 

* The data in this paper are taken from the thesis presented by Helen H. Gifft 
to the faculty of the Graduate School of Cornell University in fulfillment of the 
requirement for the M.S. degree, June, 1944. Further details will be found in 
the thesis. 
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EXPERIMENTAL PROCEDURE 

Four subjects were maintained on a controlled diet for a 
period of 44 days, January 6 through February 18, during 
which time their urinary excretion of thiamine was measured. 
The level of thiamine intake from food, approximately 600 Mg 
per 1000 cal. as calculated from published analyses,® remained 
constant throughout the study. On the first and last days oral 
test doses of '6 mg of thiamine were administered with break- 
fast. On the seventh, thirteenth, and forty-third days intra- 
muscular test doses of Img of thiamine were administered 
just before breakfast. 

TABLE 1 


The, sex f age, height, weight, calorie and thiamine intake of the four subjects. 


SUBJECTS 

SEX 

AGE 

HEIGHT 

WEIGHT 

CAT^RTES ^ 

THIAMINE 
INTAKE 
FROM 
POOD ^ 

AVERAGE 
TOTAL 
THIAMINE 
INTAKE/ 
DAY FOR 
4H DAYS * 




inehes 

lbs. 


mff 

mg 

A.M. 

F 

23 

67^ 

136 

2500 

1.5 

1.7 

D.L. 

F 

30 

66 

143 

2500 

1.5 

1.7 

H.G. 

M 

26 

71 

133 

3000 

1.8 

2.0 

E.K. 

M 

24 

69 

154 

3500 

2.1 

2.3 


* Approximate calorie and thiamine content of the diets estimated from published 
analyses. See footnote 

*5*mg oral test dose given on final day of experiment was not included since it 
did not affect nutritional status during the experiment. 

i 

Data concerning the subjects are given in table 1. Physicians 
of the Department of Clinical and Preventive Medicine at 
Cornell University found all subjects in good health, that is, 
that no condition was present which, so far as is known, in- 
fluences the metabolism of thiamine. 

To insure good stores of thiamine at the beginning of the 
experiment, subjects were given vitamin B complex capsules 

* Food tables used were: Chatfield, C. and G. Adams, JJ. 8. Dept. Agric. Circ. 549, 
1940; Hewston, E. M., and R. L. Marsh, U. 8. Dept. Agric. Misc. Pub. 505, 19t2; 
Munscll, H. E,, Milbank Mem. Fund Quart., vol. 21, p. 102, 1943. Values for 
riboflavin content of the wheat germ were obtained from the manufacturer. 
Analyses made by Doris N. Vidmar 4 months after the conclusion of the experiment 
indicated that thiamine values were approximately 500 fig per 1000 cal. at that time. 
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for 6 days preceding the experimental period. Each daily 
supplement furnished 4.5 mg of thiamine hydrochloride, 6 mg 
of riboflavin, 0.75 mg of pyridoxine hydrochloride, 30 mg of 
nicotinamide, and 9 mg of calcium pantothenate. No supple- 
ment was given on the day just preceding the experimental 
period. 

Urine was preserved with 15 ml of glacial acetic acid per 
24-hour specimen. Determinations were made semi-weekly on 
3-day pooled samples by the thiochrome method of Hennessy 
and Cerecedo (’39) as modified by Hennessy (’41). Recovery 
values were in the range of 93 to 101%. 

The experimental diet was planned so that it would be 
adaptable to different caloric requirements and would furnish 
adequate amounts of all nutrients except ascorbic acid.® The 
basal diet furnished approximately 1000 cal., 600 Mg of thia- 
mine, and 1400 Mg of riboflavin. It consisted of 200 gm of 
evaporated milk, 100 gm of canned carrots, 100 gm of ground 
beef chuck, 100 gm of canned pears, 75 gm of dried prunes, 
100 gm of canned green beans, 20 gm of Instant Ralston cereal, 
20 gm of roasted peanuts, and one medium egg. No foods 
were allowed ad libitum but additions to the basal diet were 
planned in units. Each unit addition contained biscuits, 
cookies, butter, sugar, and wheat germ in amounts to furnish 
approximately 500 cal., 300 Mg of thiamine, and 90 Mg of ribo- 
flavin. Each subject was allowed to decide how many of these 
unit additions he needed to satisfy appetite and energy re- 
quirements, and throughout the experiment kept his food 
intake constant as nearly as could be determined by calcula- 
tion. The calorie and thiamine intakes of each subject are 
shown in table 1. The diets as eaten furnished slightly more 
than 1000 Mg of thiamine per 1000 non-fat cal. Approximately 
40% of the calories were supplied by fat. 

® Vitamin C metabolism studies which were being conducted concurrently on the 
same subjects necessitated a diet low in ascorbic acid, but daily supplements of 
synthetic ascorbic acid made the level of intake 53 mg. The subjects were saturated 
with ascorbic acid during the pre-experiment al period. 
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to be similar, while D.L. consistently excreted less than the 
others. The lowest value for D.L., 100 ng per 24 hours on a 
3-day pooled sample, approached the “critical level”, 90 pg 
per 24 hours, which is the lowest hgure considered by Mason 
and Williams ( ’42) to indicate adequate nutrition. All other 
values were well above this “critical value”. 

TABLE 3 

Summary of results. 


UBINABT BXOBBTTON TEST 


SUBJECTS 


AM. 

D.L 

H G. 

E.K. 

Basal 24-hr. excretion * 
(ug/day) 





Kange 

254-162 

184-100 

270-153 

282-188 

Average 

197 

135 

195 j 

210 

% of intake excreted ‘ 
Eange 

17-11 

12-7 

13-9 

15-9 

Average 

13 

9 

11 

10 

Response to 5 -mg oral 
test dose 

1 




(% recovery)* 

1st day 

29 

33 

37 

40 

44th day 

16 

16 

15 

22 

Response to 1-mg intra- 
muscular test dose 
% recovery * 





6th day 

12 

30 

20 

28 

13th day 

19 

10 

22 

20 

43rd day 

14 

8 

13 

21 

fiff/day 





6th day 

518 

540 

544 

657 

13th day 

494 

290 

468 

528 

43rd day 

328 

193 

281 

403 


‘ For final 4 weeks of experiment. 

* Percentage of test dose excreted in 24 hours following administration. 

* Extra excretion obtained by subtracting basal excretion from the value for the 
24-houT collection period, and then expressed as percentage recovery of the test dose. 
Basal excretion was interpolated from the values for the preceding and succeeding 
analyses. 
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Percentage of intake excreted 

Percentage of the intake excreted by the four subjects of 
this study is shoivn in table 3. The range of values for male 
subjects was 9 to 15%. Melnick et al. (’39) noted values of 
15 to 27% for normal men, and Jollitfe et al. (’39) observed 
that five men excreted 13.1 to 25.7 % of their intake on a diet 
estimated to contain 564 pg of thiamine per 1000 cal. The 
range for the two female subjects of this study was 7 to 17% 
as compared with values of 9 to 31% observed by Melnick et 
al. for normal women. 

Response to 5-mg oral test dose 

Eesponses to the 5-mg oral test doses administered on the 
first and last day of the study are shown in table 3. Recovery 
was calculated by the method most commonly used, that is, 
the total thiamine excreted in 24 hours following administra- 
tion of the dose was used to calculate the percentage recovery 
of the dose. The larger excretions on the first day were un- 
doubtedly caused by vitamin supplements given the subjects 
during the week preceding the experimental period. Values 
for the last day ranged from 15 to 22% of the test dose. Mel- 
nick et al. ( ’39) found that 15 normal men averaged 14% and 
10 normal women 12% excretion of a similar test dose. Tn 
another study Melnick and Field ( ’42) observed that 23 normal 
adults with good stores excreted 7 to 30% and 14 normal adults 
with poor stores excreted 1 to 7%. Six other normal adults 
studied by Melnick (’42) excreted 13 to 20.8% of the dose. 
Values for excretion of a 5-mg oral test dose by subjects at 
the end of this study, when compared with the aforementioned 
figures could be interpreted to mean that thiamine reserves 
were adequate. 

Response to 1-mg intramuscular test dose 

One-mg intramuscular test doses were administered on the 
seventh, thirteenth and forty-third days of the period. 
Responses to these doses are shown in table 3, both in milli- 
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grams of thiamine excreted in 24 hours, and as extra excretion 
due to the dose. Extra excretion, obtained by subtracting basal 
excretion from the value for the 24-hour collection period, 
was expressed as percentage recovery of the test dose. Basal 
excretion was obtained by interpolation. 

Percentage recovery of a 1-mg intramuscular test dose by 
the subjects of this study is shown in table 3. These estimates 
are probably less accurate for the first two than for the last 
of the test doses, since the basal excretion fell rapidly during 
the first 2 weeks. Under these conditions, the figure for basal 
excretion on the day of the test dose, which must be inter- 
polated to calculate percentage recovery, can be only a fair 
guess of what the excretion actually was. Therefore an 
average of two values would probably give a more suitable 
figure for comparative purposes than either value alone. 
These averages for the four subjects are: 15% for A.M., 
20% for D.L., 21% for H.G., and 24% for E.K. In all cases 
these figures are higher than recoveries observed when a 
third intramuscular test dose was administered at the end of 
the experiment. This lower recovery is particularly- notable 
in the cases of D.L. and H.G. The recovery value of 8% for 
D.L. is in the range of values observed for persons with such 
depleted stores that symptoms of thiamine deficiency were 
present (Mason and Williams, ’42). The response of H.G., 
13^, might indicate that some depletion had occurred, par- 
ticularly since he responded to the first two test doses with 
much higher recoveries. Subject A.M. responded in substan- 
tially the same degree to all three of the tests. Her recovery 
value of 14% of the last dose might be considered a border- 
line figure, but probably indicated sufficient stores when inter- 
. preted in the light of her comparatively low responses to the 
first two doses when her reserves must have been adequate. 
The response of E.K. to the last test dose, 21%, was within 
the range of 15 to 46% recovery observed by Mason and 
Williams ( ’42) for subjects on unrestricted diets with large 
thiamine supplements. 
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Average responses to the first two test doses ranged from 
415 to 592 pg of thiamine in 24 hours. These figures are com- 
parable to those observed by Williams et al. ( ’42) at a similar 
level of intake. Excretion values for the third test dose ad- 
ministered 30 days after the second and at the end of the study 
are more comparable to those observed by Williams et al. 
on an intake of 400 pg per 1000 cal. The low response of 
D.L., 193 pg, is even less ^an the reported values on an intake 
of 300 pg per 1000 cal. 

Comparison of results with four procedures 

Four tests were used in this study to determine the state 
of the thiamine reserves, and the results of the tests were 
interpreted in the light of the rather meager data in the 
literature. On this basis, the four tests were not in agreement 
concerning the status of the subjects at the end of the study. 
Basal 24-hour excretion and responses to the 5-mg oral test 
dose indicated that for all subjects reserves of thiamine were 
adequate. This is what one would expect if the Food and 
Nutrition Board was justified in considering this level of 
intake more liberal than necessary, as is indicated by the 
reduction in recommended daily allowances for thiamine 
(National Research Council, '45). Calculation of the percent- 
age of intake excreted suggested that subject A.M. had normal 
reserves but that the other three subjects had borderline or 
sub-normal reserves. Responses to the 1-mg intramuscular 
test dose suggested that only one subject, E.K., had adequate 
stores. No subject was judged to have normal reserves of 
thiamine on the basis of all four criteria. 

When results for the four urinary excretion tests are con- 
sidered independently of the suggested normal values in the 
literature, the results obtained by different methods agree 
reasonably well, i.e. each subject behaved fairly consistently. 
Throughout the study the female subject, D.L., excreted less 
thiamine than the other subjects and exhibited smaller 
responses to the test doses. The excretion values of the male 
subject, E.K., were in general appreciably higher than for 
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any of the other subjects, and his responses to the test doses 
given on the last 2 days of the experiment were particularly 
so. Possibly these subjects differed in their renal thresholds 
for thiamine, but our data provide no information on this 
point. Though all subjects maintained the same thiamine- 
calorie ratio in accordance with the recommended daily allow- 
ances then current (National Research Council, ’43), the total 
intake of thiamine and calories wj|s higher for E.K. than 
for any of the others. On the basis of the present recommended 
allowances (National Research Council, ’45) which do not 
maintain a constant proportion of thiamine to calories, this 
subject had a greater margin of safety in his thiamine intake 
than the other subjects. 

The apparent disagreement in results observed when nutri- 
tional status was judged by these four criteria suggests that 
the range of normal values for these tests has not yet been 
satisfactorily established. The range of individual variation 
may be so great, however, that results from four subjects are 
insufficient to warrant definite conclusions. 

SUMMARY 

Four normal adults were maintained for 44 days on a con- 
trolled diet which was estimated tp furnish 600 jig of thiamine 
per 1000 cal. Basal 24-hour urinary excretions of thiamine 
were higher at the first of the period than at the end. Supple- 
ments of thiamine given during the pre-experimental period 
undoubtedly caused elevations in values for the first 2 weeks 
of the study. 

Four urinary excretion tests for thiamine were studied. 
Values for 24-hour excretions of thiamine for the last 4 weeks 
ranged from 100 to 224 pg per day. Average percentages of 
•thiamine intake excreted ranged from 9 to 13%. Responses 
to a 5-mg. oral test dose at the end of the study ranged from 
15 to 22% recovery in 24 hours. Responses to 1-mg intra- 
muscular test doses toward the beginning of the study ranged 
from 15 to 24% recovery. At the end of the study they ranged 
from 8 to 21% recovery, or 193 to 403 pg excretion in 24 hours. 
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When the urinary excretion values recorded for “normal” 
subjects were used as standards for comparison, the nutri- 
tional status of these subjects with respect to thiamine was 
not judged to be the same by all four criteria. More data are 
needed to establish the range of normal values for these 
urinary excretion tests, and their relative sensitivity. 

LITEEATUEE CITED 

Hennessy, D. J. 1941 Chemical methods for the determination of vitamin 
Ind. Eng. Chem., Anal. Ed., vol. 13, p. 216. 

Hennessy, B. J., and L. R. Cerecedo 1939 The determination of free and 
phosphorylated thiamin by a modified thiochrome assay. J. Am. Cliem, 
Soc., vol. 61, p. 179. 

Holt, L. E., Jr. 1944 The thiamine requirement of man. Fed. Proc., vol. 3, 
p. 171. 

JoLLiPFE, N., R. Goodhart, J. Gennis and j. K. Cune 1939 The experimental 
production of vitamin Bi deficiency in normal subjects. The dependence 
of the urinary excretion of thiamin on the dietary intake of vitamin B,. 
Am. J. Med. Sc., vol. 198, p. 198. 

Mason, H. L., and R. D. Williams 1942 The urinary excretion of thiamine 
as an index of the nutritional level: assessment of the value of a test 
dose. J. Clin. Invest., vol. 21, p. 247. 

Melnick, D. 1944 A critique of values suggested as the thiamin requirement 
of man. J. Am. Diet. Assn., vol. 20, p. 516. 

1942 Vitamin Bi (tliiamine) requirement of man. J. Nutrition, 

vol. 24, p. 139. 

Melnick, D., and H. Field, Jr. 1942 Thiamine clearance as an index of nutri- 
tional status. J. Nutrition, vol. 24, p. 131, 

Melnick, D., H. Field, Jr. and W. D. Robinson 1939 A quantitative chemical 
study of the urinary excretion of thiamine by normal individuals. 
J. Nutrition, vol. 18, p. 593. 

National Research Counctl 1943 Recommended Dietary Allowances. Reprint 
and Circular Series no. 115. 

1945 Recommended Dietary Allowances. Reprint and Circular Series 

no. 122. 

Williams, R. D., H, L. Mason, B. F. Smith and R. M. Wilder 1942 Induced 
thiamine (vitamin B,) deficiency and the thiamine requirement of 
man: further observations. Arch. Int. Med., vol. 69, p. 721. 




THE EFFECT OF VARIATIONS IN THE LEVEL 
OF DIETARY CALCIUM UPON THE GROWTH 
• OF YOUNG RATS RECEIVING ATABRINE 


AXXE WILLIAMSON, I). M. IIEGSTED, .1. M. MrKIBBIN, 
AND r. .T. STABE 

Department of Nutrition, Harvard School of Public Healthy 
and the Department of Biochemistry y Harvard 
Medical Schooly Boston, Massachusetts 


(Received for publication Deceinbor 8, 104i)) 


Several intorestiiij? relationships between nutrition and the 
oral administration of atabrine have been demonstrated. 
Scudi and co-workers ( ’44) have shown that doses of atabrine 
administered by stomach tube were less toxic to animals fed 
a hij>h-protein, low-fat diet than to animals receiving a low 
protein or a low-protein, high-fat diet. By incorporating 
atabrine in the ration, Hegsted, McKibbin and Stare (’44a) 
demonstrated retarded growth of young rats as well as some 
degree of liver damage when the level of atabrine in the ration 
exceeded 25 mg/100 gm ration (about 25 mg/kg body weight 
in weanling rats). Further studies with young rats showed 
that the inclusion of a relatively large proportion of atabrine 
in a ration deficient in choline prevents the development of 
hemorrhagic kidneys (Hegsted, McKibbin and Stare, ’44b) 
and that atabrine exhibits a thiamine sparing action (Hegsted, 
McKibbin and Stare, ’45). 

Presented here are the results of studies in which the 
calcium content of the diet was modified and the effect upon 
the growth of young rats with and without additions of ata- 
brine determined. 
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EXPERIMENTAL 

Weanling male rats of the Sherman strain were housed in 
individual cages and fed the experimental rations ad libitum. 
Four to eight animals constituted a group. They were weighed 
twice weekly and during two studies records of food consump- 
tion over 4- week periods were made. 

The basic purified ration was that described by Hegsted 
et al. ( ’44b). The calcium content of this ration (0.55%) was 
decreased to 0.15% in the low calcium rations by the substi- 
tution of 3% of a salt mixture low in calcium for the one 
previously used and was raised to 1.35% in the high calcium 
rations by the addition of 2% CaCOj at the expense of sucrose. 

An alcohol solution of the water soluble vitamins was dried 
on the ration as described in the foregoing publications and 
fat soluble vitamins in corn oil were given by dropper twice 
weekly.^ Atabrine hydrochloride dissolved in alcohol was 
added to the ration at levels of 40 or 60 mg per 100 gm. 

Determination of atabrine in liver and spleen was made by 
extracting a tissue homogenate (Mcllvaine’s buffer, pH 7.8) 
with ethylene chloride; atabrine was extracted from this with 
0.3 N HCl for reading in the photofluorometer. 

The pH of the intestinal content of certain of the experi- 
mental animals was determined as follows : the animals were 
sacrificed individually and the intestinal tract excised and 
divided into three segments, upper and lower small intestine 
and cecum. The contents of each of these portions were then 
washed immediately into a small beaker with 20 ml distilled 
water and the pH determined by means of a glass electrode. 
Values found for the lower small intestine and cecum were 
consistent for animals on a given diet; in the upper portion 
of the tract the range of variation was somewhat greater and 
stomach pH figures were discarded because of the extreme 
variation found, presumably due to differences in time since 
the ingestion of food. 

^We are indebted to Merck & Co., Inc., Bahway, New Jersey, for fnrnisliiAg 
the crystalline B-vitamins and al|dia tocopherol, and to Abbott ^boratories, 
North Chicago, Illinois, for haHbut liver oih 
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BE8ULT8 AND DI8CUS8ION 

As iu the experiments cited previously, the addition of 
40 to 60 mg of atabrine per 100 gm purified ration resulted in 
a decrease of 20 to 30% in the weight gain of young rats 
(table 1). It may be seen that alterations in the level of dietary 
calcium intake were accompanied by differences in tolerance 
to atabrine as measured by growth. In the series of four 
experiments, rats receiving 40 or 60 mg % atabrine with the 
high calcium diet attained but 51%-63% of the weight gain 
cf their respective controls not receiving atabrine. On the 
other hand, animals receiving the same amount of atabrine 
in the ration but maintained at the lower calcium levels grew 
67%-77% as well as the appropriate control groups. Sta- 
tistical treatment of these data by means of the ‘‘t test” 
showed these differences significant with the possible ex- 
ception of experiment 2. 

Pood intake records (table 2) show that the rats receiving 
atabrine consumed somewhat less than the control groups; 
however the efficiency of food utilization was variable. The 
actual amount of atabrine ingested by the low and high calcium 
groups of animals was comparable, about 4 mg per day. 
Despite the fact that the low and high calcium groups ingested 
the same amount of atabrine, determinations of atabrine 
concentration in liver and spleen showed a difference between 
the two groups. It may be seen from table 3 that rats on the 
high calcium diet stored on the average twice the amount of 
atabrine in the liver as did animals at the low calcium level. 
These differences again were found to be statistically sig- 
nificant. The concentration of atabrine in the spleen reflected 
the same trend although the contract between the two groups 
was less marked. 

It is observed that the atabrine concentration in the livers 
of groups receiving either the high or low calcium ration was 
no higher after 63 days on the diet than after only half that 
time. The concentration of atabrine in the liver varied with 
the individual animal and with the calcium level of the diet. 
In these experiments it appeared to be attained within a com- 
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TABLE 1 

Average gain in weight of young rats on varums levels 
of calcium, atahrine, and other supplements. 


EXFERT- 

NO. 
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NO. 

AN1MAL.S 

DFSA- 
TION OP 
EXPERI- 
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* Two per cent 

NaHCO, 

was used instead of the ammonium salts for 30 da;^; 


when it was found that there was no effect either upon growth or the intestinal 
reaction, the mixture of equal parts ammonium carbonate and ammonium chloride 
was substituted at a 6% level. 
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paratively short period of time and was not influenced by 
long-continued ingestion of atabrine. It might be suggested, 
therefore, that the differences in tissue concentration and 
growth rate manifested by animals at different calcium levels 
were due less to changes in absorption of atabrine from the 
intestinal tract than to some factor influencing the fate of 
the drug after entering the body. 

TABLE 2 

Food consumption and efficiency of food utiligfation on varying levels 
of calcium and atabrine^ 


RATION 


0.15% calcium 

0.15% calcium -h 40 mg % atabrine 
0.55% calcium 

0.55% calcium -f 40 mg % atabrine 
1.35% calcium 

1.35% calcium 4- 40 mg % atabrine 
0.15% calcium -1-1% MgOO, 

0.15% calcium -h l%MgCO,-f 
40 mg % atabrine 
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EmOlBKCT OF FOOD 
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1 ment 1 

Experi- 
ment 4 

Experi- 
ment 1 
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ment 4 

gm/Aay 

gm/day 

gm food/ 
gtn gain 

gmfood/ 
gm gain 

12.1 

10.4 

2.8 

2.8 

10.9 

9.5 

3.5 

3.4 

13.4 

.... 

3.4 


! 10.5 


3.3 I 


1 15.5 

14.0 

3.4 

4.2 

; 11-2 

1 8.6 

1 

4.0 

4.2 

.... ! 

! 6.9 

i 

... j 

2.7 

1 

5.3 


2.8 


In this connection it should be stated that several of the 
animals on the high calcium ration without atabrine were 
found to have suffered renal damage. The kidneys were 
hypertrophied and numerous stones were observed in the 
kidneys and in the bladder. It is possible that the rats on the 
high calcium ration were unable to excrete as much atabrine 
via this route as was the group on the low calcium diet. 

In experiments 2, 3, and 4 an attempt was made to deter- 
mine whether or not the effect of the calcium content of the 
diet in establishing the degree of atabrine toxicity might be 
due to altered pH of the intestinal contents. It is known that 
a high proportion of calcium in a purified diet promotes a 
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more alkaline intestinal reaction. Substances thought to 
produce acidic or basic reaction were added to the low and 
high calcium rations and pH determinations made on the 
intestinal contents of animals fed these diets for a week or 
more. Results in terms of the pH of the intestinal contents 
are presented in table 4. Of the substances tested, only 

TABLE a 

Concentration of atdbrine in liver and spleen of rats receiving 
40 wg % atabrine on low and high ocddum diets. 
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1 
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i 

1 



MgCOs and the CaCO, of the high calcium ration produced 
an alkalinity of the intestine, and that was apparent only in 
the lower small intestine and cecum. The inclusion of ata- 
brine in a ration did not affect the intestinal pH of the animal. 

The growth data for rats receiving citric acid, a mixture of 
equal parts of ammonium chloride and ammonium carbonate, 
or magnesium carbonate in addition to the high and low 
calcium levels with and without atabrine are included in 
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table 1. It may be seen that the ammonium salts did not 
ati'ect the response to the high calcium ration but did increase 
somewhat the growth inhibition due to atabrine on the low 
calcimn ration. The citric acid, conversely, improved the high 
calcium ration so that rats receiving atabrine plus high cal- 
cium with citric acid grew as well as did the low calcium 
animals receiving atabrine, with or without citric acid. This 
may indicate that acidity or alkalinity of the diet influences 

TABLE 4 


The 

pH of intestinal contents of rats maintained on varying 

levels 


of calcium 

and with 

certain salt 

supplements. 
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3% NH 4 C] ) 

3% (NH,),0O, ( 

0 

6.60 
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8.19 
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5 

6.51 
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atabrine absorption or storage, although citric acid and the 
ammonium salt mixture could not be shown to influence the 
pH in the intestinal tract. A small group of animals given the 
low calcium ration to which 1% MgCO, was added (experi- 
ment 4) showed no significant growth difference in response 
to atabrine from the low calcium controls. However, MgCO, 
was shown to produce an intestinal reaction as alkaline as that 
found on the high calcium diet. It is not clear, therefore. 
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whether the calcium ion exerts some specific effect upon the 
fate of ingested atabrine, whether the discrepancies were due 
to defective excretion, or whether the augmented toxic effect 
observed on the high calcium diet is in some way associated 
with the intestinal pH. 

A few attempts were made to study in vitro the intestinal 
absorption of atabrine by passing solutions of the drug 
through an isolated loop of fresh intestinal tissue suspended 
in a buffer medium. Comparison with xylose diffusion curve.s 
conducted simultaneously suggest that, under the conditions 
imposed, atabrine passed through the membrane by diffusion. 
It was of interest that characteristic peristaltic movements 
continued in the isolated intestinal loop for more than an hour 
after the addition of atabrine. Tissue similarly placed in the 
buffer but without atabrine did not exhibit this action. This 
observation is of interest as Keogh and Shaw (’44) have 
reported that the action of calcium ions in causing the relaxa- 
tion of smooth muscle is reversed in the presence of atabrine 
or quinine. G-astrointestinal symptoms following administra- 
tion of atabrine to man have been reported (Goodman and 
Gilman, ’41). 


CONCLUSIONS ' 

1. The inhibition of growth of young rats by the addition 
of 40 or 60 mg % atabrine to a purified ration was significantly 
greater in animals maintained on a high calcium ration, 
1.35%, than when the ration contained a calcium level of 
0.55% or 0.15%. 

2. The average concentration of atabrine in the liver and 
spleen of rats on the high calcium diet was considerably 
greater than that found for animals receiving the low calcium 
diet, despite a comparable atabyine intake. 

3. The concentration of atabrine in the liver in these ex- 
periments was as high at 30 days as 'after 63 days. 

4. Animals on the high calcium diet had a more alkaline 
reaction in the lower small intestine and cecum. However, by 
the addition of various salts it could not be shown that in- 
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testinal pH was a major factor in affecting atabrine toxicity. 
Some animals on the high calcium diet exhibited renal calculi 
which may have impaired the excretion of atabrine. Hence 
it is not clear whether the increased toxicity of atabrine on 
a high calcium intake is due to increased absorption, decreased 
excretion, or to a specific effect of calcium on atabrine 
metabolism. 
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This report on phosphorus metabolism is the fourth in a 
series on the effect of changes in the ascorbic acid and citrate 
content of the diet on the ascorbic acid, citric acid, calcium, 
phosphorus, and nitrogen metabolism of eight preschool 
children. The effect on ascorbic acid, citric acid, and calcium 
metabolism have been reported by Meyer and Hathaway 
(’44), Metcalf and Hathaway (’45) and Watson and asso- 
ciates (’45), respectively. 

EXPERIMENTAL 

The general plan of the complete experiment has been re- 
ported in detail by Meyer (’43), and a summary of the facts 
pertinent to the calcium and phosphorus metabolism studies 
given by Watson and associates ( ’45). Briefly, they are these : 
eight children between the ages of 38 and 55 months and 
weighing 29 to 50 pounds were maintained on a basal diet 
believed to be adequate in all nutrients except ascorbic acid. 
The first year the children A, B, C, and D were given 800 ml 
of milk daily; tlie second year, subjects E, F, G, and H re- 
ceived only 500 ml. Through changes in the basal diet, 
particularly an increase in the meat and eggs, an attempt 
was made to maintain the level of phosphorus in the low-milk 
diet. There was greater variation from subject to subject 
in the phosphorus intakes on the low-milk diet, however, be- 
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cause these changes were in the basal diet, and somewhat less 
of the basal foods was consumed by subject H throughout 
the study, and by subject G during the first 4 and last 5 
weeks. Also, the Ey-Krisp and Toasted Wheat Wafers, al- 
lowed ad libitum, contained significant amounts of phosphorus. 
Supplements of crystalline ascorbic acid (100 mg), potassium 
citrate (3.38 gm), or both were given as indicated in table 1. 
During the last 2 weeks, the children of the low-milk group 
were given orange juice in place of crystalline supplements. 

The methods of collecting and preparing samples for analy- 
sis have been described by Metcalf and Hathaway (’45) and 
Watson and associates (’45). With the exception of the' milk 
samples for the second year, all samples for phosphorus analy- 
ses were ashed using essentially the method of Gerritz (’35). 
The phosphorus content of the ashed samples was determined 
by a modification of the method of Fiske and Subbarow (’25), 
adapting it to the photoelectric colorimeter. Exact timing 
for the development of the color in samples and standards 
was used. 

The milk samples for the second year were ashed in a muf- 
fle furnace at about 400°C., as suggested by Peters and Van 
Slyke (^32). The phosphorus values were much lower by 
this method, and are believed to be unreliable. The milks 
for the 2 years were specially prepared in the University 
Dairy Department.* They were obtained from the same herd, 
at the same time of year, and had the same average nitrogen 
and calcium content. Since the calcium : phosphorus ratio 
in milk under these conditions should be constant, it seemed 
advisable to use the average found for' phosphorus in milk 
for the first year in calculating the phosphorus intakes for the 
second year. 


RESULTS AND DISCUSSION 

The data obtained in this study are presented in table 1. 
Data for the four preliminary periods have been omitted. 

* Specially prepared by Prof. E. 8. Guthrie to preserve the ascorbic acid content. 
See Sharp, .Hand, and Guthrie ( '39) . 
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Summaries of the phosphorus balances in mg/kg of body 
weight and of the percentages of phosphorus retained are 
given in table 2. 

Phosphorus intake and retention. Phosphorus metabolism 
has received less attention than that of calcium and nitrogen, 
probably because the phosphorus needs are satisfied if the 
calcium and protein needs are adequately met through com- 
mon foods. The National Research Council’s recommended 
dietary allowances ( ’45) do not include values for phosphorus, 
but suggest that the phospliorus of children’s diets should 
equal or exceed the calcium content. In this study these con- 
ditions have been met since the calcium : phosphorus ratios 
for the four children on the high-milk intake ranged from 
0.86 to 0.91, and for the low-milk group from 0.69 to 0.82. 
The phosphorus intakes for the eight children ranged from 
896 to 1374 mg, or from 55 to 76 mg/kg of body weight. These 
intakes are similar to those given in other reports on phos- 
phonis metabolism of preschool children (Porter-Levin, ’33, 
’33- ’34; Daniels et al., ’35, ’37; Pierce et al., ’40; and Hawks 
et al., ’42). 

Most of the reports of phosphorus retentions by preschool 
children are made in terms of mg/kg/day. Porter-Levin 
(’33- ’34) reported average retentions of 5, 5, and 8 mg/kg; 
Daniels et al. (’35) 6-9 mg; Pierce et al. (’40), 6.9 to 7.4 
mg/kg; and Hawks et al. (’42), 3 to 8 mg/kg. The average 
retentions for the eight subjects of this study ranged from 
3.5 to 10.8 mg/kg on the various diets used. 

Macy ( ’42) states that 48 to 65% of the ingested phosphorus 
is excreted in the urine, suggesting the wide use of phosphorus 
in metabolism. It also suggests that the supply of phosphorus 
to the tissues is generally ample, or smaller excretions would 
be found. The phosphorus excretions for the eight children 
in this study are in line with those reported in the literature, 
and indicate adequate supply even on the lower intakes. 

Effect of ascorbic acid supplement on phosphorus retention. 
Daniels and Everson (’37) found no significant changes in 
phosphorus retention with variations in ascorbic acid intake, 
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TABLE 2 

balances of cipht preschool chiWrc 

w. 

DIET 

INTAKE 

EXCRETION 

Urine Feces 

KKTENTION 


mu/ku 

vng/kg nig/ kg 

Subject A 

mg/ kg ^ 

f of intake 


57 

25 

26 

6.6 

11 

11 = 

57 

26 

26 

5.9 

10 

III® 

57 

27 

21 

8.6 

15 

IV* 

55 

27 

' 23 

Subject B 

5.3 

10 

I* 

76 

43 

25 

7.9 

10 

11 = 

74 

43 

24 

8.7 

12 

III® 

73 

43 

26 

4.1 

6 

IT* 

71 

41 

24 

Subject C 

6.5 

9 

I> 

72 

39 

24 

9.4 

13 

11 = 

70 

40 

24 

6.2 

9 

III® 

68 

36 

25 

6.9 

10 

IV* 

66 

38 

25 

Subject D 

4.1 

6 

I‘ 

75 

45 

24 

6.3 

8 

11 = 

74 

44 

21 

8.3 

11 

III"' 

71 

40 

20 

10.6 

15 

IV* 

69 

41 

19 

Subject E 

8.4 

12 

T' 

68 

36 

27 

5.0 

7 

11 = 

68 

37 

27 

4.1 

6 

ITT® 

66 

36 

25 

4.6 

7 

IV* 

65 

35 

25 

5.4 

8 

V* 

66 

36 

22 

Subject F 

7.3 

11 

1 = 

59 

32 

22 

5.0 

9 

11 = 

58 

31 

23 

4.3 

7 

III® 

57 

31 

21 

5.9 

10 

IV* 

56 

29 

22 

4.7 

8 

V' 

57 

31 

21 

Subject G 

5.5 

10 

T* 

69 

36 

27 

6.4 

9 

TI- 

68 

34 

28 

5.5 

8 

III" 

63 

33 

22 

7.0 

11 

TV* 

55 

31 

20 

3.5 

6 

V® 

56 

32 

19 

Subject H 

5.5 

10 

T‘ 

71 

39 

24 

8.3 

12 

TI- 

71 

39 

27 

5.1 

7 

irr = 

69 

37 

22 

10.8 

16 

IV* 

66 

36 

23 

6.6 

10 

V® 

66 

37 

21 

6.9 

10 

' Basal diet only. 

® Basal diet plus ascorbie acid. 

® Basal diet plus potassium citrate. 

* Basal diet plus ascorbic acid and potassium citrate. 

“ Basal diet plus orange juice. 
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but Shepherd et al. (’40) report decreases of 1.4 mg/kg/day 
on the addition of 20 mg of ascorbic acid. The decrease was 
ascribed to increases in the urinary excretion of phosphorus. 
In the eight children of the present study when 100 mg as- 
corbic acid were added, the phosphorus retentions were de- 
creased for five, increased for one, and showed little difference 
for two of the subjects, but the differences in retention with 
and without the supplement were not significant for any 
child. 

Effect of potassium citrate supplement on phosphorus re- 
tention. Comparison of the average retentions of phosphorus 
when 3.38 gm of potassium citrate were added to the diet, 
with the retentions without this supplement, shows that the 
phosphorus retentions were increased for four children, de- 
creased for three, and unchanged for one with the supplement. 
The differences in retention were not significant for any 
child. 

Effect of orange juice supplement on phosphorus retention. 
Approximately 218 ml of orange juice were added to the basal 
diet of subjects E, F, G, and H during the last 2 weeks of the 
study. The data for these periods are included in tables 1 and 
2 under diet V. For subject E the retentions of phosphorus 
on this supplement were the greatest found at any time, but 
for the other three, the differences in retention were not ap- 
preciable. Chaney and Blunt (’25) have reported increased 
phosphorus retention in two adolescent girls; Daniels and 
Everson (’37) reported no significant differences in retention 
for three preschool children; and Shepherd et aL (’40) re- 
ported decreased retention in 5 young children when fresh 
orange juice was added to the diet. The results of the present 
study support th^ evidence of Daniels and Everson that there 
is no significant effect of addition of orange juice on the re- 
tention of phosphorus in preschool children. 

SUMMARY AND CONCLUSIONS 

’ Phosphorus metabolism has been studied in eight preschool 
children, on phosphorus intakes of 896 to 1374 mg/day, or 
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55 to 76 mg/kg/day. The values for retentions per kilogram 
of body weight were in line with those reported in the litera- 
ture, average values varying from 3.5 to 10.8 mgAg- The 
basal diet was supplemented with ascorbic acid, potassium 
citrate, and orange juice as indicated. None of the supple- 
ments caused significant alterations in phosphorus retentions, 
although rather wide variations occurred from period to 
period. This might indicate that other factors than diet are 
largely responsible for fiuctuations in phosphorus retentions. 
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Studies by Daniels and Everson (’.‘17) and Shepherd et al. 
( ’40) present conflicting data on the effect of changes in tlie 
ascorbic acid content of the diet on tlie nitrogen retention by 
jireschool children. This report jiresents data on the nitrogen 
metabolism of eight preschool children whose diet was sup- 
plemented with ascorbic acid, potassium citrate, and orange 
juice. The effect of these supplements on ascorbic acid, citric 
acid, calcium, and phosphorus metabolism has been reported 
in ])revious papers by Meyer and Hathaway (’44), Metcalf 
and Hathaway ( ’45), Watson and associates ( ’45), and McKey 
and associates ( ’46). 


EXPERIMENTAL 

Two groups of four children each lived at the college labora- 
tory apartment for 5 months. Subjects A, C, F, G, and H were* 
girls, aged 55, 49, 49, 40, and 38 months, respectively, at the 
beginning of the study. Their respective weights at that time 
were 50, 38, 40, 32, and 29 pounds. Subjects B, D, and E were 
boys, aged 51, 44, and 55 months, and weighing 36, .35, and 34 
pounds, respectively. 

The general plan of the complete experiment, including a 
description of all subjects and of the diets used, has been 
reported in detail by Meyer (’43), and summarized in the 
previous papers of this series. The following facts are i)artic- 
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Dlarly pertinent to this study. The children were maintained 
on a basal diet adequate in all nutrients except ascorbic acid. 
The first group of children (A, B, C, and D) were given 800 
ml of milk daily; the other group (E, F, G, and H) received 
only 500 ml. Through an increase in the meat, egg^, and pea- 
nut butter similar levels of protein were maintained in the 
basal diets of the two groups. Ry-Krisp or Toasted Wheat 
Wafers were allowed ad libitum so that there was some varia- 
iation in nitrogen intake from period to period for a given 
child and from child to child for subjects A through F. Some- 
what less of the basal foods was consumed by subject H 
throughout the study, and by subject G during the preliminary 
weeks and during periods 16 through 20, resulting in lower 
nitrogen intakes for these two girls. Supplements of crystal- 
line ascorbic acid (100 mg), potassium citrate (3.38 gm) or 
both were given as indicated in table 1. These amounts cor- 
respond roughly to the amounts of ascorbic acid and of ci- 
trate-ion in 200 ml of orange juice. During the last 2 weeks, 
the low-miik group was given orange juice in place of the 
crystalline supplements. 

The methods of collecting and preparing samples for analy- 
sis have been described by Metcalf and Hathaway (’45) and 
Watson et al. (’4fi). The nitrogen content of the foods and 
excreta waa.determined using the Hengar semi-micro Kjeldahl 
apparatus. distillation tubes were equipped with water 

jackets (6 inches long and 3 inches in diameter) to cool the 
distillate and so prevent loss of ammonia. 

* BESULTS AND DISCUSSION 

The data for this study are presented in table 1. Data for 
the preliminary adjustment periods (periods 1 and 4) have 
been omitted. A sunimary of the nitrogen balances in mgA? 
of body weight is given in table 2. 

Nitrogen intake, absorption, and r'etfintion. The protein 
allowance in the diets of these children was planned to meet 
the standards of Holt and Fales (’21) and was equal to or 
above the suggested allowances of the National Research 
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Council ( ’45), varying from 45 gm for the 3-year olds, to 58 
gm for the 5-year olds. 

Since chiefly meat and eggs were used to maintain the pro- 
tein intake when the milk in the diet was decreased, the quality 
of the protein was not changed materially when the source 
was altered. 

It is impossible to completely determine the availability 
of the pro.tein in the diet, since there is no known analytical 
method for determining how much of the fecal nitrogen is of 
metabolic origin. The difference between the nitrogen intake 
and fecal nitrogen does give, however, a conservative estimate 
of the nitrogen available for body use. This mav be consid- 
ered as “absorbed” nitrogen, and in children usually repre- 
sehts approximately 90% of the ingested nitrogen (Macy, 
’42). Values for subjects A to H, respectively, were equiva- 
lent to 91, 90, 92, 92, 90, 94, 89, and 88% of the intake with 
standard deviations of ± 0.3% or less. 

The average nitrogen retention values for the eight children 
of this study fall well within the range reported by Macy 
(’42), 700 ± 470 mg for 4-year olds, and 610 ± 390 mg for 
5-year olds. Nitrogen intakes were similar for subjects A 
through F and for subject Q on the first three diets, but the re- 
tentions varied widely, from — 73 to 969 mg per day for indi- 
vidual periods, or from 282 to 848 mg per day for the periods 
on a specific diet. Similar fluctuations have been reported by 
Macy et al. (’36). Although the intakes for subject H were 
lower than for the other children, the retention values were 
similar to theirs, ranging from 333 to 818 mg per day. After 
diet III, the basal food intake of subject G was cut, reducing 
(he nitrogen intake about 1 gm per day. This lowering of the 
nitrogen intake reduced the nitrogen retention in the period 
immediately following the change, and the results for her 
will be omitted when data from diet IV are discussed. 

According to Macy ( ’42) when reasonably constant amounts 
of high quality protein are ingested and absorbed, the level 
of protein intake is probably not the controlling factor in 



KITBOOEN METABOLISM IK CHILDREN 


669 


nitrogen retention. The data for the children of this study 
support this view. 

Effect of ascotbic acid supplement on nitrogen retention. 
Daniels and Everson (’37) found lower nitrogen retentions 
on a diet containing about 50 mg of ascorbic acid (including 
30 mg of orange juice) than on larger intakes of ascorbic acid 
(part crystalline ascorbic acid and part from orange juice). 
Since other factors than ascorbic acid are added when orange 
juice is given, the increase in nitrogen retention should not 
be ascribed solely to the increase in ascorbic acid intake. In 
the subjects studied by Shepherd et al. (’40) the changes 
in nitrogen retention on the addition of 20 mg of ascorbic 
acid were not conclusive. 

In the present study any effect of high levels of ascorbic 
acid on the nitrogen retention should be apparent in a com- 
parison of the results obtained with diets I and II, and diets 
III and IV (table 1). The results were inconsistent: the 
nitrogen retentions were increased for subjects D and E and 
decreased for subject B, whether the ascorbic acid was added 
to the basal diet or to the basal diet plus potassium citi’ate. 
Values for subjects C and H were increased when the as- 
corbic acid was added to the basal diet, but decreased when it 
was added to the basal diet plus potassium citrate. Values for 
subject A were increased when ascorbic acid was added to 
the basal diet alone, but were practically unchanged when 
added to the basal diet plus potassium citrate; on the con- 
trary those for subject F wore increased only when the ci- 
trate was included. For any one child, comparison of the 
nitrogen retention values for all the periods when ascorbic 
acid was added (diets II and IV) wnth those when it was 
omitted (diets I and III) show no statistically significant 
differences. 

From the results recorded above it appears that the addi- 
tion of 100 mg of crystalline ascorbic acid to a basal diet 
containing about 25 mg of the vitamin does not consistently 
alter the nitrogen retention. 
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Effect of potassium citrate supplement on nitrogen reten- 
tion. Increased retention of nitrogen was noted when the diet 
of infants was supplemented with salts of vegetable acids 
(Krause, ’33) or with calcium citrate (Weber, ’32)'. Davis 
(’35) found higher nitrogen retention on basic than on acidic 
diets by twelve children 7 to 12 years of age. Since the pH of 
the urines of the eight subjects in the present study was much 
more alkaline on the potassium citrate supplement, it seemed 
possible that the nitrogen retentions might have been in- 
creased by the addition of that salt. Individual variations in 
retention from period to period on the same supplement 
mask the effects of changes in supplement, so that variations 
because of addition of potassium citrate are not statistically 
si^ificant for any child. The retentions for subject F, how- 
ever, do seem notably higher with the supplement. 

Effect of orange juice supplement on nitrogen retention. 
Approximately 218 ml of orange juice were added to the basal 
diet of subjects E, F, G, and H during the last 2 weeks of the 
study. The data for these periods are included in tables 1 
and 2 under diet V. The average retentions of nitrogen on 
this supplement were the highest found during .the study 
for subjects E, F, and H, and were higher for subject G than 
during any period on diet IV (basal diet supplemented with 
aascorbic acid plus potassium citrate), the only diet during 
which she received the same level of nitrogen intake. The 
percentage retentions of nitrogen were higher for all four 
children than on any other diet. These results confirm those 
of Shepherd et al. (’40) who found that fresh orange juice 
improved the nitrogen retention of young children to a greater 
extent than the addition of crystalline ascorbic acid and those 
of Chaney and Blunt (’25) who found increased nitrogen re- 
tention when orange juice was added to the diet of two older 
girls. They do not support the conclusion of Daniels and 
Everson (’37) that orange juice per se does not influence 
nitrogen retention. 

Although the two periods during which orange juice was 
given in the present study are probably inadequate to estab- 



TABLE 2 

Summary of nitrogen balances of eight preschool children. 


DIET INTAKE EXCRETION 

Urine Feces 


RETENTION 



mff/ka 

mp/ka 

nipikp 

ntp/ kp 

% of intake 



Subject A 




403 

338 

38 

27 

6.7 

II* 

399 

330 

37 

32 

8.0 

III* 

381 

313 

36 

32 

8.3 

IV* 

382 

315 

35 

32 

8.3 



Subject B 



I* 

538 

448 

55 

35 

6 5 

II* 

533 

445 

55 

33 

62 

III* 

497 

414 

50 

33 

66 

IV* 

496 

412 

52 

31 

6.2 



Subject C 



I* 

506 

441 

42 

23 

4.6 

II* 

493 

413 

39 

41 

8.3 

III* 

458 

386 

37 

35 

77 

IV* 

462 

390 

41 

31 

6.8 



Subject D 



I' 

532 

442 

48 

42 

7.8 

11* 

519 

434 

38 

48 

9.2 

in* 

482 

400 

38 

43 

9.0 

IV* 

480 

394 

39 

47 

9.8 



Subject E 



I* 

532 

453 

54 

25 

4.7 

II > 

538 

453 

58 

27 

50 

III* 

514 

444 

54 

6 

3 3 

IV* 

505 

429 

50 

27 

5 3 

V* 

503 

410 

53 

40 

8.0 



Subject F 



I* 

466 

422 

27 

17 

3.7 

II* 

470 

424 

29 

17 

3.5 

III* 

454 

398 

27 


6,3 

TV* 

447 

386 

30 

32 

7 2 

v» 

444 

366 

44 

35 

7.8 



Subject G 



I* 

548 

440 

64 

43 

79 

IT* 

548 

440 

67 

41 

7.5 

III* 

505 

407 

57 

41 

8 1 

IV* 

436 

374 

45 

17 

4.0 

V* 

438 

362 

39 

37 

8.4 



Subject H 



I* 

535 

441 

58 

36 

6.7 

II* 

544 

438 

66 

40 

7 4 

TTI* 

.521 

422 

62 

37 

7 1 

IV* 

511 

420 

56 

35 

6.8 

V* 

505 

404 

56 

44 

8.8 


^ Basal diet only. 

* Basal diet pins aseorbic acid. 

* Baaal diet plus potassium citrate. 

^ Basal diet plus ascorbic acid and potassium citrate. 
” Basal diet plus orange juice. 
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lish the effect of a supplement on the nitrogen retention, 
the results do indicate possible beneficial effects of orange 
juice. 

SUMMARY AND CONC!LU8ION8 

Nitrogen metabolism has been studied in eight preschool 
children on protein intakes of between 45 and 58 gm per day. 
The basal diet was supplemented with ascorbic acid, potas- 
sium citrfJte, and orange juice as indicated. The results 
were as follows : 

1. The nitrogen intake was probably not a factor in- 
fluencing nitrogen retention, since from 88 to 94% of the in- 
gested nitrogen was absorbed, and only 3.3 to 9.8% was 
retained. 

2. The nitrogen retention was not significantly altered by 
the addition of 100 mg of ascorbic acid to a diet containing 
23 to 25 mg of the vitamin. 

3. The nitrogen retention was not significantly altered 
by the addition of 3.38 gm of potassium citrate to the diet. 

4. The percentage retention of nitrogen was highest in all 
four subjects tested, when an orange juice supplement, equi- 
valent in ascorbic acid and citrate value to the crystalline 
supplements, was added to the basal diet. 
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Food products of plant origin have recently received par- 
ticular consideration as sources of dietary protein that may 
be used to supplement or extend protein foods of animal 
origin in times of shortage. Outstanding among these are 
soybeans, peanuts, cottonseed, yeast, and corn and wheat 
germs. As compared with the others, the grain germs have 
received little attention with respect to the nutritional value 
of their proteins. Osborne and Mendel (’19) showed that 
wheat germ is more efficient for the growth and maintenance 
of rats than the whole w'heat kernel. In a recent study. Hove 
and Ilarrel ( ’43a) concluded from the results of feeding ex- 
periments with young rats that “the protein of wheat germ 
as the sole source of protein in the diet is of as high a nutri- 
tional quality as animal proteins such as casein, skim-milk 
powder, dried egg white, and beef muscle.” In a second paper 
these authors (’43b) reported that wheat germ and skim- 
milk powder are about equally efficient in improving the nu- 
tritive value of wheat flour, and excel corn germ and soybean 
meal in this respect. The superiority of wheat germ when 

* Some of the in this paper were presented in abstract form in Federa- 
tion Proceedings^ 1945, vol 4, p. 156. 
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compared with corn germ as a supplement to wheat flour Ims 
been cited by Stare and Hegsted (’44). They also fourVd 
that the proteins of wheat germ, com germ, and skim-milik 
powder are practically of equal value in maintaining nitrogen 
balance in the adult dog. In nitrogen balance studies witli 
growing rats, Mitchell and Beadles ( ’44) found that the biol- 
logical value of the protein of com germ is as high as that o^ 
romid beef, and is 85% as digestible. Compared with auto- 
claved soybean protein, corn germ protein was found to be 
about equally digestible, but the digested protein was more 
available in satisfying the requirements of maintenance and 
growth. 

. The superior quality of the proteins of wheat and corn 
germs has been amply shown by the above cited investigations. 
It seemed desirable, however, to develop more information 
relating to their values as compared with those of other foods 
of plant and animal origin that are highly regarded as sources 
of dietary protein. Defatted wheat and corn germs, prepared 
for human consumption and having excellent keeping qual- 
ities, are now available in considerable quantities. It has been 
estimated that the potential annual production of wheat germ 
exceeds 150 million pounds, and that 600 million pounds of de- 
fatted com germ could be produced. 

EXPEBIMENTAL 

The growth-promoting values of the proteins of wheat germ 
and corn germ were determined by feeding experiments with 
young albino rats. For comparison, similar experiments were 
conducted on some other sources of high quality plant and 
animal proteins, namely, soybean, peanut, and cottonseed 
flours, skim-milk powder, dried whole egg powder, and casein 
(table 1). These materials supplied the sole source of protein 
in diets made adequate with respect to the essential non- 
protein dietary factors. They were incorporated in the diets 
in quantities to supply protein at 10, 15, and 17.5% levels. The 
average net gain in weight of each group of animals over a 
period of 6 weeks and the average gain in weight per gm of 
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protein consumed were used as standards of comparison for 
evaluating the proteins of the materials studied. 

All diets contained 2% cod liver oil and 4% salt mixture 
(Osborne and Mendel, ’19). The remainder of each of the diets 
consisted of one of the protein sources listed in table 1, suffi- 
cient corn oil to adjust the total fat content of the diet to 8%, 
and sufficient dextrinized com starch to adjust the protein 
content to 10, 15, or 17.5%. A vitamin mixture was ineorpor- 

TABLE 1 

Composition of the protein foods. 

The percentages are calculated on an air-dry hasis.^ 


SOURCE 

PROTEIN 

FAT 

SOURCE 

PROTEIN 

FAT 

Dried whole egg powder 

% 

46.00 

% 

34.27 

Peanut flour 

% 

52.36 

% 

7.40 

Skim-milk powder 

37.31 


* Corn germ * 

21.31 

2.16 

Soybean flour 

46.73 

6.47 

1 Wheat germ * 

34.30 

0.40 

Cottonseed flour 

49.85 

7.01 

j Casein * 

89.70 



' The following conversion factors were used in calculating the amounts of 
protein in the materials from their nitrogen content : Egg powder, 6.25 ; skim^niilk 
powder, 6.38 ; soybean flour, 5.71 ; cottonseed flour, 5.30 ; peanut flour, 5.46 ; corn 
germ, 6.25; wheat germ, 5.80; casein, 6.38 (Jones, ^31). 

* Products defatted by solvent extraction at low temperature. Prepared by the 
Viobin Corporation, Monticello, Illinois. 

* Labco. 


ated in the dextrinized corn starch, which provided the fol- 
lowing constituents in each 100 gm of diet: Thiamine hydro- 
chloride, 0.2 mg; pyridoxine hydrochloride, 0.2 mg; riboflavin, 
0.3 mg; calcium pantothenate, 0.3 mg; niacin, 1 mg; and cho- 
line hydrochloride, 10 mg. These vitamins were added to the 
dextrinized starch in an aqueous-alcoholic solution and the 
mixture was dried at 50° C. to the original weight of the 
starch. 

The data presented represent results obtained with forty- 
nine lots of albino rats comparable in all respects. Forty-one 
of these lots were fed ad libitum and the remainder by the 
paired feeding method. Most of the lots consisted each of 
twelve animals (in some cases eight animals were used). 
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equally divided with respect to sex and having initial weights 
of 45 to 60 gm. They were housed in individual cages having 
wide mesh screen bottoms and kept in an air-conditioned room 
maintained at 76°F. (±:2°F.) and about 55% relative hu- 
midity. The animals on the ad libitum experiments were 
weighed and fed twice weekly. Fresh diets were prepared in 
kilogram quantities each week. 

The paired feeding experiments were carried out as fol- 
lows : Eight pairs of albino rats were used in each experiment. 
Each pair was of the same sex, from the same litter, and the 
pair mates did not differ in initial weight by more than 5 gm. 
The initial weights between pairs ranged from 45 to 60 gm. 
Both animals, of a pair received a diet similar in all respects 
witib the exception of the source of protein. One animal of a 
pair was fed ad libitum the diet that was consumed in the 
smaller quantity. The amount of food consumed by the other 
animal was determined by the quantity of food the rat fed 
ad libitum had consumed the previous day. In this way, the 
total food intake of both rats of a pair was practically the 
same at the end of the feeding period. 

RESULTS AND DISCUSSION 

As determined by the ad libitum method of feeding, wheat 
germ as a source of protein showed definitely higher nutritive 
values than corn germ at each of the three different levels of 
protein fed when calculated either on the net weight gains 
of the animals or on their gains per gm of protein consumed 
(table 2). This was especially pronounced at the 10% pro- 
tein level. 

The values of com germ as compared with the oilseed flours 
varied with the different protein levels at which the materials 
were fed, when measured either by gains in body weight or 
by gains per gm of protein consumed. At a 10% protein level 
com germ gave higher values than those similarly obtained 
with the oilseed flours when measured by gains in body weight. 
When measured in terms of weight gains per gm of protein 
consumed at a 10% level, soybean flour gave a higher value 
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than did corn germ. The comparative nutritive value of the 
plant protein studied at the 10% protein level on the basis 
of weight gains ranges from the highest downward in the 
following order: Wheat germ, corn germ, soybean flour, cot- 
tonseed flour, peanut flour. On the basis of gain in weight 
per gm of protein consumed they range in the same order, 

TABLE 2 


Comparative growth-promoting values of the proteins of wheat and corn germs, 
and of other protein foods, when fed as the sole source of protein in the diet, 
(Tests conducted hy the ad libitum method of feeding over a period of 6 weelcs.) 


SOURCE OF 
PROTEIN 

AVERAOE 

WEIGHT 

GAIN 

STANDARD 

DEVIATION 

AVERAGE 

GAIN/GM 

PROTEIN 

CONSUMED 

STANDARD 

DEVIATION 

AVFRAGB 

FOOD 

CONSUMED 


gm 


gm 


gm 



10% Protein in diet 



Wheat germ 

132 

± 29.12 

2.54 

± 0.190 

518 

Corn germ 

101 

± 15.83 

2.11 

±: 0.178 

478 

Soybean flour 

95 

rt: 21.14 

2.32 

t: 0.238 

^07 

Cottonseed flour 

82 

± 12.38 

1.89 

± 0.162 

431 

Peanut flour 

63 

± 15.66 

1.82 

± 0.299 

341 

Whole egg powder 

180 

± 47.42 

3.25 

± 0..518 

547 

Skim-milk powder 

130 

15.87 

2.64 

:t 0.170 

492 

Casein 

120 

±. 14.68 

2.41 

± 0.225 

497 



15% Protein in diet 



Wheat germ 

140 

± 34.19 

1.84 

dt 0.201 

504 

Corn germ 

114 

± 30.61 

1.56 

± 0.245 

481 

Soybean flour 

104 

± 21.28 

1.49 

d: 0.216 

462 

Cottonseed flour 

132 

■± 20.44 

1.80 

di 0.137 

489 

Peanut flour 

102 

± 19J0 

1.69 

d: 0.207 

400 

Whole egg powder 

175 

± 39.24 

2.35 

d: 0.292 

493 

Skim-milk powder 

161 

± 37.86 

2.05 

± 0.234 

518 

Casein 

135 

± 35.61 

1.74 

d; 0.241 

510 



17.5% Protein in diet 



Wheat germ 

131 

± 35.67 

1.58 

± 0.251 

467 

Corn germ 

112 

± 23.71 

1.29 

± 0.171 

491 

Soybean flour 

96 

± 24.53 

1.21 

± 0.189 

446 

Cottonseed flour 

132 

± 20.96 

1.64 

± 0.182 

460 

Peanut flour 

114 

± 2,5.61 

1.53 

± 0.205 

426 

Whole egg powder 

121 

dt 40.86 

1.69 

± 0.295 

426 

Skim-milk powder 

144 

It 26.98 

1.82 

± 0.203 

452 

Casein 

174 

± 27.65 

1.90 

± 0.231 

524 
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with the exception of corn germ and soybean flour, which are 
reversed. 

At the higher protein levels (15 and 17.5%) quite a dif- 
ferent order of values was obtained. At the 15% level, wheat 
germ still held first place among the plant proteins both with 
respect to average weight gain and gain per gm of protein 
consumed. Cottonseed flour, however, ranked second. Corn 
germ came next in the order of values with respect to average 
weight gain, and soybean and peanut flours showed prac- 
tically the same values. With respect to gain per gm of pro- 
tein consumed peanut flour ranked third, with corn germ 
and soybean flour following as indicated in the table. 

At the 17.5% protein level wheat germ and cottonseed flour 
gave practically the same values as indicated both by weight 
increases and gain per gm of protein consumed. Peanut flour, 
corn germ, and soybean flour followed in the order named. 

When compared at the different protein levels in the diet, 
the animal proteins proved, in general, superior to the plant 
proteins. When fed at the 10% protein level dried egg powder 
gave the highest value obtained at any level with any of the 
proteins studied. At this level wheat germ and skim-milk 
powder gave essentially the same values with respect to 
weight gains and gains per gm of protein consumed, and both 
proved better than casein. With 15% protein in the diet, 
the highest values were obtained with egg powder. Skim-milk 
powder, wheat germ, and casein folloAved in the order named. 
At the 17.5% level casein gave the highest value. Tlie low 
values found for the egg powder as compared with those ob- 
tained at the 10% and 15% protein levels are probably to be 
ascribed to a poorer quality product, the use of which was 
made necessary because of depletion of the original supply. 

The values found for the corn germ and soybean flour pro- 
teins by the paired feeding method (table 3) are, in general, 
in fairly close agreement with those obtained by the ad libi- 
tum method (table 2). With wheat germ and dried egg pow- 
der, however, lower values were obtained by the paired feed- 
ing method. The nutritive values of the protein foods com- 
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pared, both with respect to body weight gains and gains per 
gm of protein consumed, were found in general to rank in the 
same descending order when determined by both procedures, 
namely, egg powder, wheat germ, corn germ, soybean flour. 
However, when measured by average gain in weight per gm 
of protein consumed the values for corn germ and soybean 
flour were essentially the same. In these experiments the 
materials studied were incorporated in the diets at a 10% 
protein level. 

TABLE 3 

Paired feeding tests. 

Averages of results obtained with S pai s of rats used in each experiment . 

Ten per cent protein level in the diets. Duration of feeding tests — 6 werVs. 


MATKRIAL 

AVKRAOE 

BODY WKIOHTS 

AVER XOK 
FOOD OON- 
SVMI’TION 


AVER AOE 

Weight 

gums 

Gain per gram of protein 
and standard deviation 


Initial 

Final 


gm 

gm 

gm 

gm 

gm 

Wheat germ 

51 

166 

463 

115 

2.47 ± 0.175 

Corn germ 

53 

154 

465 

101 

2.18 ± 0.230 

Wheat germ 

53 

172 

442 

119 

2.69 ± 0.150 

Soybean flour 

55 

150 

430 

95 

2.20 ± 0.174 

Corn germ 

50 

152 

423 

102 

2 41 ± 0.207 

Soybean flour 

49 

141 

410 

92 

2.25 ± 0.237 

Wheat germ 

51 

166 

489 

112 

2.35 ± 0.253 

Egg powder 

52 

194 

490 

142 

2.91 ± 0.416 


Hove and Harrel (’43b) reported that “a fair percentage 
of their rats fed wheat germ at' 10% protein level in the diet 
developed a severe hemorrhagic disease characterized by 
sudden onset, marked weight loss, severe anemia, and in most 
cases death within four days.” This difficulty did not occur 
when 1% of liver-extract powder was included in the i-ation. At 
none of the protein levels used in our rations was any adverse 
effect observed with either wheat germ or com germ. 

A statistical analysis was made to test the significance of 
the differences between the average weight gains obtained 
by the ad libitum method of feeding for the various protein 
sources. The weight gains for wheat germ and corn germ 
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were compared, first with one another, and then with each 
of the remaining proteins used in the experiment. 

The highest degree of significance was found at the 10% 
level of protein in the diet,. The differences in weight gain 
between wheat germ and all the other proteins, with the excep- 
tion of skim-milk powder and casein, were found to be highly 
significant, while those for corn germ compared with the other 
sources were highly significant in all cases except soybean 
flour. 

At the 15% level the significance of the differences was not 
so pronounced. A high degree of significance remained be- 
tween weight gains for corn germ and those for whole egg 
and skim-milk powders, but the difference between the corn 
and wheat germs was only slightly significant. The dif- 
ferences between com germ and the remaining proteins 
showed no significance. In the case of the wheat germ com- 
parisons, the difference in gain from cottonseed flour was no 
longer significant, while peanut flour and soybean flour re- 
mained highly significant. Whole egg powder still showed a 
significant difference but to a lesser degree than at the 10% 
level. 

Wheat germ was found to be significantly different only 
from soybean flour and casein at the 17,5% level, while com 
germ differed significantly from cottonseed flour, skim-milk 
powder, and casein. The degree of significance for this level 
of protein was less in most cases than for the 10 and 15% 
levels. 

It is of interest to note the downward slope of significance 
in the values with increasing protein levels in the diet above 
10 %. 


SUMMARY 

G-rowth-promoting values of the proteins of wheat germ 
and corn germ are reported. For comparison, values similarly 
obtained are given for several other protein foods of plant 
and animal origin — soybean, peanut, and cottonseed flours, 
dried whole egg powder, dried skim-milk powder, and casein. 
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The materials were fed as the sole source of protein to 
weanling rats at 10, 15, and 17.5% protein levels in diets 
approximately isocaloric and nutritionally adequate with re- 
spect to dietary factors other than protein. Both the ad libi- 
tum and paired feeding methods were used and the results 
were evaluated on the basis of weight increases and gains 
per gm of protein consumed over 6-week periods. 

Consistently higher nutritional values were found for wheat 
germ than for corn germ at each of the different protein levels 
fed. Wheat germ also proved superior to the oilseed flours, 
and at the 10% level it was found as efficient as skim-milk 
powder, and more efficient than casein. 

In general, the protein values of the materials determined 
by both the ad libitum and paired feeding methods were found 
to rank in the same descending order, namely, egg powder, 
wheat germ, corn germ, soybean flour. 

Corn germ fed at 10 and 15% protein levels produced equal 
or greater weight gains than were obtained with peanut 
or soybean flours, but it was not as efficient as cottonseed flour 
when fed at 15 and 17.5% protein levels. 

Definitely higher values at the 10 and 15% protein levels 
were obtained with the whole egg powder than wdth any of the 
other materials studied, but it was excelled by casein at the 
17.5% protein level. 
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A STUDY OF PYRIDOXINE AND PANTOTHENIC 
ACID DEFICIENCIES IN THE MONKEY 
(MACACA MULATTA)‘ 
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AND EDITH 8. JONES 

Department of Biodhemistry, College of Agrictdture, and the Department of 
Bacteriology^ Medical School, University of Wisconsin, Madison 

THREE FIGURES 

(Eeceived for publication December 17, 1945) 

Previous studies (Waisman and Elvehjem, ’43; Waisman, 
Rasmussen, Elvehjem and Clark, ’43) have demonstrated 
that the rhesus monkey (Maeaca mulatta) grows normally 
and remains in good health when fed purified diets contain- 
ing the known vitamins and a small amount of a liver fraction 
or a “folic acid” concentrate. Through the use of this diet 
specific vitamin deficiencies have been studied by withholding 
the vitamin concerned from the daily supplement (Waisman, 
’44; Waisman and McCall, ’44; Waisman, McCall and Elveh- 
jem, ’45; Cooperman, Waisma^ McCall and Elvehjem, ’45). 

The importance of pyridoxine and pantothenic acid in the 
nutrition of various laboratory animals has been studied by 
many workers. Wintrobe, Follis, Miller et al. (’43) have 
reviewed the early literature dealing with the production of 
pyridoxine deficiency and have presented data on the etfects 
of vitamin Bo deficiency in swine. These workers have 

* Published with the appproval of the Director of the Wisconsin Agricultural 
Experiment Station. Supported in part by grants from the National Foundation 
for Infantile Paralysis and the University Besearch funds. 

We are indebted to the Wilson Laboratories, Chicago, Illinois, for the liver 
products and to Merck and Co., Bahway, New Jersey, for the synthetic vitamins. 
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demonstrated a microcytic anemia and an increase of poly- 
chromatophiles, reticulocytes and nucleated red cells in the 
blood and a remission after the administration of vitamin Bg. 
Pantothenic acid deficiency has been produced in the mouse 
(Gyorgy and Poling, ’40), rat (Henderson et al., ’42), chick 
(Waisman et al., ’39), dog (Schaefer et al., ’42), and pig 
(Wintrobe et al., ’42) but the manifestations of the deficiency 
have been somewhat different in the various species. An 
account of the deficiency of pantothenic acid in swine has been 
reported by Wintrobe, Pollis, Alcayaga et al. (’43). Impair- 
ment of growth, diarrhea, anorexia, unkempt hair, alopecia, 
and slight edema were the symptoms observed. Histological 
evidence demonstrated injury to the cells lining the glands of 
the colon. Blood studies have revealed a moderate normocytie 
anemia with a decrease in the plasma chlorides. Non-protein 
nitrogen increased only in extreme deficiency and may be due 
to renal failure. 

In this paper we wish to describe pyridoxine and panto- 
thenic acid deficiencies in monkeys as seen in this laboratory, 
the responses to synthetic pyridoxine and pantothenic acid, 
and the concurrent deficiency of the monkey anti-anemic factor 
found in liver, previouslv described by Cooperman, Waisman, 
McCall and Elvehjem (’45). 

EXPERIMENTAL PROCEDURES 

Young immature rhesus monkeys weighing approximately 
1.5-2.0 K were used in all the studies. The methods of hand- 
ling and feeding the animals have been described previously 
(Waisman, Rasmussen, Elvehjem and Clark, ’43). The basal 
diet (M-3), consisting of sucrose 73 parts, purified casein 18, 
mineral salts 4, cod liver oil 3, com oil 2, was fed ad libitum ; 
and adequate quantities of ascorbic acid, thiamine, riboflavin, 
nicotinic acid, choline chloride, p-aminobenzoic acid, inositol, 
biotin, and pyridoxine or calcium pfmtothenate were given 
daily. In ad^tion, a “folic acid’’ concentrate (Hutchings 
et al., ’41) equivalent to 5gm of solubilized liver powder 
(fraction L) was fed daily ; this quantity was increased as the 
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experiments progressed to an equivalent of 10 gm of liver. 
The “folic acid” concentrate fed in the pantothenic acid 
studies was autoclaved at pH 10 for 30 minutes at 15 pounds 
pressure to destroy the pantothenic acid in the concentrate. 
Microbiological assays on the concentrate before and after 
this process showed that there was no loss of “folic acid” 
activity. After autoclaving, this material was cooled and 
neutralized before being fed. 

The heated grain ration (241 H) of Kline et al. (’32) was 
also used for the production of pantothenic acid deficiency. It 
is low in pantothenic acid and is composed of yellow corn 58, 
wheat middlings 25, crude casein 12 parts which were mixed 
and heated for 30 hours at 120°C., salts IV 4, cod liver oil 
3 and corn oil 2. It had been used extensively in the production 
of pantothenic acid deficiency in chicks (Waisman et al., ’.39) 
and rats (Henderson et al., ’42), but had not previously been 
used for monkeys. This diet was supplemented daily with the 
same vitamin mixture that was used when the sucrose-casein 
basal (M-3) diet was fed. 

Complete blood examinations including differential white 
cell counts (using Wright’s stain) were made usually at 
weekly intervals throughout the period of depletion, deficiency 
and recovery. Hemoglobin was determined in the Evelyn 
photoelectric colorimeter and red and white cell counts were 
made in the usual manner by drawing blood from the marginal 
veins of the ear. Blood samples for chemical analysis were 
removed from the saphenous vein of the leg. The blood sugar, 
non-protein nitrogen and chlorides were determined on the 
Polin and Wu tungstic acid filtrates of the freshly drawn 
venous blood. Blood sugar wms determined by the method 
of Benedict ( ’28), chlorides by the method of Whitehorn ( ’20- 
’21 ) and non-protein nitrogen by the method of Polin and 
Wu (’19). 

PYRIDOXINE 8TTTDIES 

Pour young monkeys (nos. 1.36, 1.37, 138, 139') were placed 
on the M-.3 basal ration with the norite eluate concentrate 
plus all of the crystalline B vitamins except pyridoxine. All 
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four animals failed to grow normally and generally main- 
tained their initial body weight with little variation for a 
period of about 9 months, when a marked loss of weight was 
observed in three of the animals. Test doses (Img per day) 
of pyridoxine were given for 7 days to two animals (nos. 136, 
137) after they had been on this regimen for 6 months to 
determine if a pyridoxine deficiency was developing. Both 
animals showed immediate blood responses and weight gains 



Fig. 1 Effect of pyridoxine deficiency on weight, hemoglobin, total and dif- 
ferential leucocyte count of a typical monkey, and the response to pyridoxine and 
whole liver substance. 


as long as the pyridoxine was continued. The increased body 
weight was maintained for 3 months before it decreased 
to the same level as that before the administration of pyri- 
doxine (fig. 1). 

During this period of depletion, a hypochromic microeytic 
anemia developed in all of the alnimals and nucleated 
erythrocytes appeared in the blood. Hemoglobin values as 
low as 8 gm % were observed while the erythrocyte count 
decreased only slightly (4.5-5.5 million per mm *). All four of 
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the animals at this time demonstrated marked inactivity, 
general weakness, hyperirritability and poor appetite, and 
had little interest in the vitamin supplement or the dry ration, 
although all of the supplement and a substantial amount of 
the ration were consumed during the day. All of the animals 
showed thinning of the fur and some greying of the fur on the 
legs, arms and back. However, the greying never progressed 
to a marked extent. 

All four showed some polychromatophilia and this condition 
was more marked in two animals (nos. 136, 137). The total 
white cell count decreased, but the changes were so variable 
that no distinct pattern in the total count in relation to the 
anemia was discernible. However, the differential leucocyte 
count revealed an increase in the percentage of neutrophiles 
and a proportionate decrease in the percentage of lympho- 
cytes. The neutrophiles increased to 55-60% of the total 
leucocytes, whereas the normal value is about 36% (Shukers 
et al., ’38). At the same time the lymphocytes decreased from 
a normal of 59% to 25-35% of the total leucocytes. There was 
no significant change from the normal in the percentage of 
basophiles or eosinophiles and monocytes. 

Within 2 weeks after 1 mg of pyridoxine per day was given 
to three of the monkeys (nos. 137, 138, 139), the animals 
began to gain weight at a normal rate, the hemoglobin values 
showed an increase and the polychromatophiles decreased. 
Nucleated red blood cells were no longer observed in blood. 
With the pyridoxine therapy the neuti’ophile-lymphocyte 
ratio tended to return to normal but the improvement was 
temporary and within 2 to 3 months the reversal was as 
marked as that preceding pyridoxine additions. Complete 
blood regeneration resulted within 5 weeks after whole liver 
substance was added at a level of 3% to the ration of 2 of 
these animals. 

Monkey 136 was continued on the pyridoxine-deficient diet 
and slowly began to lose weight about 5 months after the 
other three animals first showed marked loss of weight. Since 
at this time the weight losses and anemia were not critical, 
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p-;>idoxine therapy (1 mg per day) was delayed for 3 months, 
during which time a rapid loss of weight occurred. Significant 
growth and hemoglobin responses occurred when pyridoxine 
was given, but the animal developed dysentery and died 
after 4 weeks. 

It is significant that whole liver substances maintained the 
hemoglobin level at a value considerably higher than the 
published normal value of 12.2 gm% (Shukers et al., ’38). 
These high values in the whole liver-treated monkeys, i.e., 
14.5-15.5 gm % of hemoglobin, have been repeatedly observed 
in the monkeys in this laboratory which have received fresh 
or lyophilized liver (Cooperman, McCall and Elvehjem, ’45) 
or whole liver substance. 

PANTOTHENIC ACID STUDIES 

Studies unth the heated ration 

The heated ration as described was fed to four monkeys 
(nos. 104, 105, 117, 118). Two of these (nos. 104, 105) served 
as controls and received 3 mg daily of calcium pantothenate. 
All of them grew slowly, but the two controls grew slightly 
better than the animals fed the heated ration with no added 
calcium pantothenate. After 6 months, it was observed that 
the deficient group showed poorer hair color, although the 
quantity of fur was apparently unaffected. Although the four 
animals were continued on this diet for 9 months, no sig- 
nificant differences in blood sugar, non-protein nitrogen, 
serum chlorides or serum proteins were observed. Since 
Schaefer et al. (’42) had reported hypoglycemia, increased 
non-protein nitrogen and a drop of serum chlorides in panto- 
thenic acid-deficient dogs, it was apparent that pantothenic 
acid deficiency in the dog on the “synthetic diet’’ and in the 
monkey on the heated grain ration are not strictly comparable. 

Studies with the synthetie ration 

After 9 months the deficient animals (nos. 117, 118) were 
placed on the synthetic M-3 basal ration and given all the 
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B vitamins except calcium pantothenate. At the same time, 
five young monkeys were also placed on this regimen. The 
significant data for two of these monkeys (112 and 118) are 
given in figures 2 and 3 and a rather detailed description of 
the deficiency syndrome is included for monkey 112. 

Monkey 112 S (fig. 2). No increase in body weight oc- 
curred during the first 5 weeks and then the animal started 
to lose weight slowly without showing any gross symptoms. 



Fig, 2 Effect of pantothenic add and liver factor deficiency on weight, hemo- 
globin, neutrophile and lymphocyte count of monkey no. 112 and the responses 
to calcium pantothenate, liver extract and whole liver substance. 


After 4 weeks of continued loss in weight, 1 mg per day of 
calcium pantothenate was given and an immediate weight 
response resulted. This supplement was discontinued after 
9 weeks. During the following 9-week period the animal 
gradually lost its fur, and became quite denuded and finally 
began to lose weight again. Following a weight loss of about 
500 gm the biotin supplement was increased to 40 ug daily, 
but this change did not prevent a further weight loss. At this 
point 2 mg of calcium pantothenate per day were given and 
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continued for 16 days. Again a rapid weight response was 
obtained and new hair appeared after 2 weeks, although the 
new fur coat was not very heavy. Eight weeks after calcium 
pantothenate was discontinued the animal began to lose weight 
again and 3 mg of calcium pantothenate were given daily 
for 8 days. This treatment produced a weight gain, but 
during the 7 weeks following the removal of all the calcium 
pantothenate from the daily supplement, greying of the fur 



globin, neutrophile and lymphocyte count of monkey no. 118 and the responses 
to a liver extract preparation, calcium pantothenate and whole liver substance. 


and loss in weight resulted. The animal appeared emaciated, 
had unkempt fur, and showed evidence of muscular weakness 
in the legs. The blood picture indicated a mild anemia and 
a reversal of the neutrophile-lymphocyte ratio. The admin- 
istration at this time of 3 mg of calcium pantothenate daily 
prevented further loss of body weight, but caused no general 
improvement in the condition; in fact, a large (3cm) open 
sore developed on the bottom heel of the right foot and 
persisted for over 2 months in spite of treatment with 
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sulfathiazole applied topically. Monkey 122 developed similar 
sores on both feet that did not respond to either sulfathiazole 
or penicillin therapy. 

After 3 months on this regimen, including 3 mg of calcium 
pantothenate daily, with no noticeable improvement, 3% 
whole liver substance was then added to the ration. Within 
1 week the animal began to gain weight and became? more 
active. The neutrophile-lymphocyte ratio returned to normal 
in 3 weeks and within 4 weeks the hemoglobin increased to 
15.2 gm %. The animal was continued on this diet for 
months during which time the gain in weight was normal. 
Apparently a concurrent deficiency of factor (s) in whole 
liver required for complete blood regeneration also develops 
in pantothenic acid deficiency. 

Monkey 118 S. Diarrhea and greying of the fur were ob- 
served about the time that the plateau in weight occurred. 
Pour weeks later a pink rash appeared in the groin; this 
developed into an extensive dermatitis and scaliness and 
spread onto the inner areas of the calf and thigh and onto 
the inner side of the fore and upper arms. Dryness of the 
skin about the nose and unkempt fur were also seen. Definite 
improvement of the dermatitis occurred within 3 weeks after 
giving 3 mg per day of calcium pantothenate. At this time 
the ration was supplemented with 3% whole liver substance. 
Within 2 weeks, the monkey began to gain weight at a normal 
rate, the neutrophile-lymphocyte ratio and the hemoglobin 
returned to almost normal values. The whole liver substance 
was continued for 6 months and during this period the fur 
and the blood picture returned to normal. 

In general the case histories of the other animals arc 
similar to those described for monkeys 112 and 118. 

DISCUSSION 

It is evident from these experiments that monkeys given 
the purified basal ration with all the B-vitamins except pyri- 
doxine develop a condition characterized by a hypochromic 
microcytic anemia, mild leucopenia, polychromatophilia. 
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presence of normoblasts, lack of growth, poor appetite and 
ataxia. In most respects these symptoms are similar to those 
observed in swine (Wintrobe, Follis, Miller et al., ’43) and 
in dogs (McKibbin et al., ’42). 

Failure to produce a complete remission from the anemia 
with pyridoxine therapy has been observed both in dogs 
(McKibbin et al., ’42) and in swine (Wintrobe, Follis, Miller 
et al., ’43). A liver extract fraction (treated to remove the 
pyridoxine) was included in the ration fed to dogs, but these 
workers did not supply biotin, para-aminobenzoic acid or 
inositol. Smith et al. (’43) likewise have reported a typical 
hypochromic anemia in dogs which responded specifically 
to vitamin B* treatment, but brewers yeast at a level of 
10% was required in addition to vitamin for complete 
blood regeneration. 

Our results with pyridoxine deficient monkeys indicate that 
the additional factor is undoubtedly identical with the monkey 
anti-anemic factor required by riboflavin deficient monkeys 
to obtain complete blood regeneration. Differential white cell 
counts of riboflavin-deficient monkeys following the incom- 
plete remission of the anemia by the administration of ribo- 
flavin reveal the same reversal of the neutrophile and lympho- 
cyte count (unpublished data). 

The pantothenic acid deficiency syndrome in monkeys is 
characterized by thinning and greying of the fur, lack of 
growth, extreme lassitude, emaciation, diarrhea, cachexia, 
ataxia and anemia. Follis and Wintrobe (’45) have demon- 
strated the role of pyridoxine and pantothenic acid deficiency 
in the degeneration of various portions of the nervous system 
(swine), and this action may account for the ataxia observed 
in onr animals. The blood changes other than the severe 
anemia appear to be due to the concurrent deficiency of the 
factor (s) in whole liver substance. Monkey 117 that died on 
the pantothenic acid-low ration had a fatty and mottled liver 
and the adrenals were hemorrhagic, but no other gross 
pathological condition was observed. 
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It is significant that the blood picture which develops 
following calcium pantothenate therapy in the pantothenic 
acid deficient monkeys is identical with that which develops 
following incomplete remission of the anemia due to pyri- 
doxine deficiency. Apparently this factor becomes limiting 
only after the pyridoxine or pantothenic acid is supplied 
following long depletion periods and with the resumption of 
growth. This would account for the short duration of the 
rapid growth responses following the administration of pyi'i 
doxine or pantothenic acid and the incomplete blood regenera- 
tion. Fresh or lyophilized liver (Cooperman, McCall and 
Elvehjem, ’45) or whole liver substance supply the other 
factor (s) necessary to produce normal growth and concen- 
ti’ation of blood constituents. Our data on the inactivity of 
3% 1 : 20 liver extract powder in the prevention of this con- 
dition is further proof that the factor (s) is similar to that 
required to obtain complete blood regeneration and normal 
growth in ribofiavin-deficient monkeys. 

SUMMARY 

Pyridoxine deficiency in young monkeys resulted when a 
synthetic diet was fed with all the crj^stalline vitamin B com- 
plex except pyridoxine. The symptoms were lack of growth, 
ataxia, hypochromic microcytic anemia, mild leucopenia, poly- 
chromatophilia and the appearance of nucleated red blood 
cells. With the administration of pyridoxine, growth was 
resumed and the anemia and blood picture improved. 

A concomitant deficiency of the monkey anti-anemia factor 
occurred and was manifest by anemia and a reversal of the 
normal neutrophile/lymphocyte ratio. Whole liver substance 
at a level of 3% was necessary for optimum growth and blood 
regeneration. 

Pantothenic acid deficiency syndrome was characterized by 
lack of growth, ataxia, greying and thinning of the fur, anemia, 
diarrhea and cachexia. Incomplete remission of these 
symptoms occurred on the administration of calcium panto- 
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thenate but complete recovery resulted when whole liver 
substance at a level of 3% of the ration was given. 
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COVITAMIN STUDIES 


V. THE INTEBBEIATION OF AEPHA-TOOOPHEBOL AND 
ESSENTIAL UNSATHBATED FAT ACIDS ^ 

E. L. HOVE AND PHILIP L. HARHI8 
Research Laboratories, Distillation Products, Inc., 
Rochester, New York 

THREE riGlTRES 

(Beceived for publication December 17, 1945) 


The protection of vitamin A and carotene by tocopherols 
in vivo was the subject of the previous papers in this series 
(Hickman et al., ’44; Harris et al., ’44; Jensen et al., ’43). 

Destruction of carotene in the stomach of the rat requires 
the simultaneous presence of hiffhly unsaturated fat acids. 
This was shown by Sherman (*4la) who also noted (’41b) 
that alpha-tocopherol prevented this destruction, in vivo. 
Peroxide formation at the double bonds of the fat acids prob- 
ably occurs, with coupled oxidation (Sumner, ’42) of carotene 
or vitamin A. Tocopherol protects the unsaturated bonds thus 
indirectly preserving the vitamin A. The oxidizing agent in 
the stomach responsible has been shown by Hove (’43) to 
be a water-soluble material similar to soybean lipoxidase. 

Presumably a similar peroxidation of double bonds is 
responsible for the markedly increased vitamin E require- 
ments when highly unsaturated fats are fed (Dam, ’44; 
MacKenzie et al., ’41). 

If oxidation of the double bonds proceeds to a suflScient 
degnree and extent, low levels of pure linolate should be less 

' Communication No. 84 from the Laboratories of Distillation Products, Inc. A 
preliminary’ report of this work was published in Fed. Proc., vol, 4, March, 1945. 


699 



700 


E. L. HOVE AND P. L. HABBI6 


CBrative than the same levels with added a-tocopherol or 
other fat-soluble antioxidant for rats deficient in the essen- 
tial unsaturated fat acids. This possibility has been tested 
and the results, which show that this is an actuality, are 
reported here. 


EXPEHIMENTAL 

Diet and supplements 

A basal fat-free diet, indicated as diet 60, was made up 
with the following percentage composition : vitamin-free 
casein* 20; sucrose 76; salt mixture (U.S.P. XI, No. 2, plus 
ZnCOs, 0.1%; Cu 804-7H20, 0.08%; MnS 04 , 0.02%) 4. To 
this was added the following vitamins and related substances, 
in micrograms per gram of ration : thiamine hydrochloride 10, 
pyridoxine hydrochloride 10, riboflavin 10, calcium panto- 
thenate 25, i-inositol 100, and choline chloride 1,000. 

Vitamins A and D were fed weekly in the form of one 
drop (28 mg) of a fish oil concentrate, fortified with Delsterol, 
to furnish 2,000 units of A and 500 units of D per rat. In a 
few experiments crystalline carotene * and Delsterol were 
dissolved in coconut oil and one drop given daily to furnish 
30 units of A and 10 units of D per rat. The synthetic water- 
soluble vitamins were thoroughly ground up with a small 
quantity of the casein, and this concentrate intimately mixed 
into the rest of the casein. 

Methyl linolate was prepared every 10 days by the method 
indicated by Sherman (’41a). It was fed orally from a 
special capillary dropper calibrated to deliver exactly 5 mg 
per drop. The tocopherols were dissolved in propylene glycol 
and fed orally from droppers calibrated so that two drops 
were equivalent to 0.5 mg of the tocopherol.* The supplements 
were kept refrigerated in glass stoppered containers and 
flushed with nitrogen after each opening. 

* Labco. 

* Smaeo. 

* The alpha- and gamma-tocopherols used were the pure natural f orms prepared 
by Dr. Meng in the Distillation Products Laboratories. 
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The sesame and olive oils used in some of the experiments 
were fresh samples of U.S.P. Grade. These were fed by 
droppers calibrated so that one drop was equivalent to 
25 mg of the oils. 

Essential fat acid' deficiency in rats 

Male albino weanling rats of the Sprague-Dawley strain 
were used. These were housed individually in an air-condi- 
tioned room maintained at 76°C. and 50% humidity. The rats 
were placed upon diet 60 at 40 to 45 gm body weight and main- 
tained on this diet throughout the depletion period. When 
symptoms of the essential fat acid deficiency were evident 
the rats were divided into groups and started on curative 
experiments. 

The criteria followed in these experiments were body 
weight, water consumption, severity of hind paw scaliness, 
and severity of caudal lesions. A discussion of these symptoms 
with respect to their use in assay procedures, and references 
to the original articles, has been given in a review by 
Burr (’42). Weekly records were kept of the symptoms. 

Water consumption records were obtained by using covered 
cups with a 1-inch opening, wired to the side of the cage 
to prevent spillage. Weights of the cups plus water were 
taken at the beginning and end of a 24-hour period. A 
correction for water loss due to evaporation was obtained by 
use of identical cups in empty cages. This correction amounted 
to 3.0 to 3.5 gm. Usually the water consumption was deter- 
mined on two adjacent 24-hour periods and the results 
averaged to give the daily water consumption for that week. 

The severity of hind paw scale and caudal lesions was 
determined by weekly inspection of the rats. A numerical 
rating system, with 9 degrees, vras used, ranging from “0” 
for freedom from symptoms, to “4” for maximum lesions, 
proceeding in “J” steps. In hind paw scaliness, the first 
stage (“i”) was denoted by the first appearance of scale 
between the toes. The next major division was at the scale 
rating “2” when the scale had covered the top of the foot 
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and had appeared around the ankle. Stage “3” involved the 
first appearance of a slight dermatitis around the toes, and 
stage “4” represented this condition aggravated still further. 

In judging caudal lesions the stage indicated slight 
swelling and reddening of the tip (lem) of the tail, accom- 
panied by slight circular ridging and the presence of a 
“fish scale” appearance for 1 or 2 cm above this. The con- 
dition progressed both in degree of the tail involved and in 
the severity of the lesions. Stage “2” involved the “fish 
scale” appearance over f the length of the tail, usually 
with necrosis setting in at the tip, and circular ridging fairly 
marked above this. Stage “3” was indicated by definite 
necrosis of the final inch of tail and marked progression of 
the circular ridging for | the length. In stage “4” the 
necrotic end had usually dropped off ; the ridging had become 
acute with multiple open lesions and occasional bleeding. The 
tail was somewhat swollen, hard, and completely lacking in 
flexibility. The administration of curative agents reversed 
these steps. 

The weekly numerical value for the lesion ratings of each 
group of rats on experiment was obtained by averaging the 
ratings of the individual members of the group. 

In evaluating the results obtained it is felt that much more 
reliance can be placed upon growth and water consumption 
records, since these are obtained by physical measurements, 
than on lesion ratings which involve personal judgment. How- 
ever, the ratings of the lesions do offer valuable corroborative 
evidence. 

Rate of onset of fat acid deficiency as 
influenced hy tocopherol 

Sixty-two weanling rats were placed on diet 60. Eight 
were given 1 mg alpha-tocopherol daily, three were given 
0.1 gm olive oil, equivalent to 6 mg linolate, and three were 
given both the olive oil and tocopherol supplements, daily. 
The remaining 48 were kept as controls. The average rates 
of change in body weights, water consumption, hind paw scale 
and caudal lesions are shown in figure 1. 
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Alpha-tocopherol, alone, had a slight beneficial’ effect on 
growth and delayed the onset of the typical lesions. This 
was especially true of the caudal lesions ; up to 6 weeks on the 
depletion diet 50% of the rats receiving the tocopherol sup- 
plement had a caudal lesion rating of “i”, the rest being 
still entirely normal. However, at this time 27% of the 



Pig. 1 Kate of depletion of essential unsaturated fat acid as influenced by 
tocopherol. The indicated supplements were fed daily. (A) Gain in body weight; 
(K) Average daily water consumption; (C) Average estimation of degree of scale 
on hind paw; (D) Average estimation of degree of caudal lesions. 
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control rats had severe tail lesions with ratings between 
“2” and “4” while only 19% were still normal. After 
6 weeks on the depletion diet the rats receiving tocopherol 
rapidly began to develop the typical fat acid deficiency 
symptoms. This was especially noticeable in the water con- 
sumption records; the tocopherol-fed rats reached and main- 
tained a higher water consumption level than the negative 
controls. 

Alpha-tocopherol had a more marked beneficial effect on 
the growth rate and lesion prevention when given in addi- 
tion to 6 mg of linolate (as olive oil). This level of linolate, 
alone, delayed, but was insufficient to prevent, the onset of 
the deficiency symptoms. 

Similar results were obtained in another rate-of-depletioii 
experiment. After 9 weeks on the depletion diet the average 
increases in body weight for groups of six rats receiving 
daily no supplement, 0.5 mg alpha-tocopherol, 10 mg linolate 
(as sesame oil), and the tocopherol plus the linolate, were 118, 
127, 130, and 144 gm, respectively. The average tail lesion 
ratings at this time were 1.1, 0.5, 1.4, and 0.2, respectively. 

Curative action of methyl linolate as influenced 
by alpha-tocopherol 

Thirty rats with uniform deficiency symptoms were 
selected from the 48 controls of the previous experiment after 
they had been on diet 60 for 9 weeks. They were divided 
into 10 groups of three each. Five groups received supple- 
ments of methyl linolate six times weekly at levels of 0, 10, 20, 
40, and 80 mg. The other five groups received the same 
methyl linolate supplements but with 0.5 mg of alpha-tocoph- 
erol in addition. 

Figure 2 shows graphically the results of this curative 
experiment. The growth records have been expressed in 


Tig, 2 Effect of tocopherol on the curative action of methyl linolate fed to 
essential fat acid deficient rats. The broken lines represent responses of rats 
fed 0.5 mg a^tocopherol daily, in addition to indicated linolate supplements. 
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terms of the body weight change of the supplemented animals 
as compared with that of the negative controls. The other 
criteria are expressed in terms of their absolute values. The 
control animals gained an average of 54 gm during the 8-week 
curative test. 

Alpha-tocopherol improved the growth response to low 
levels of linolate, but at the highest level (80 mg) of linolate 
was of no additional benefit. Similarly, the alpha-toco- 
pherol supplements increased the effectiveness of the low 
levels of linolate as measured by the rate of decrease of 
water consumption, or by the rate of cure of the caudal 
lesions. The rate of cure of the hind paw scaliness shows 
little if any benefit from the tocopherol. However, even 
without tocopherol, this symptom was cured very rapidly, and 
showed no grading of response with variation in the linolate 
level. 

Alpha-tocopherol, alone, did not influence growth, but did 
bring about a noteworthy increase in water consumption. 
This is similar to the results shown in figure IB. , 

Curative action of sesame oil as influenced 
by alpha-tocopherol 

There appears to be a rough proportionality between the 
linoleic acid and tocopherol content of most fats and oils. 
However, sesame oil is an exception. It contains about 40% 
linoleic acid and less than 5 Mg of tocopherol per gm. There- 
fore, sesame oil should be a good source of linolate for 
testing the interrelation of tocopherol and an essential fat 
acid in. a triglyceride combination. 

Thirty rats were depleted for 5 weeks on diet 60. Daily 
supplements of 0, 25, and 100 mg qf sesame oil, with and 
without 0.5 mg of alpha-tocopherol, were started at this time. 
The group receiving each supplement was composed of six 
animals, except for the higher level of sesame oil, with and 
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without tocopherol. There were three animals in each of 
these two groups. 

The influence of tocopherol on the curative action of sesame 
oil is shown in figure 3. The effectiveness of the lower level 
of sesame oil was clearly increased by the tocopherol sup- 



Fig. 3 Effect of tocopherol on the curative action of sesame oil fed to fat 
acid deficient rats. The broken lines represent responses of rats fed 0.5 mg 
d-tocopherol daily, in addition to the indicated sesame oil supplements. 


plement, as is indicated by the growth, hind paw lesion, and 
caudal lesion charts. At the higher level of sesame oil this 
beneficial effect of tocopherol is not so evident. The control 
rats receiving no supplement gained an average of 79 gm 
during the 9 weeks’ curative experiment. 
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Alpha-tocopherol, alone, had little influence on growth, 
but the rats in this group developed ear and nose lesions and 
a general unthrifty appearance not evident in the negative 
control group. 

Variation of the level of alphohtocopherol 

Twenty-four rats which had been on diet 60 for 12 weeks 
since weaning were separated into six groups. One group 
served as the negative control, another received 0.5 mg of 
alpha-tocopherol per rat, daily. The rats of the four remain- 
ing groups were given 10 mg of methyl linolate daily, and in 

TABLE I 

Response of fat acid deficient rats to suhoptimal doses of methyl linolate plus 
various levels of d, alpha-tocopherol. 

(Pour rata per group. Supplements started after 12 weeks, on depletion diet 60.) 


WIEIGHT 

DAILY SUPPLEMENT CHANGE 

TN 6 WEEKS 

WATER INTAKE 
CHANGE 

IN 6 WEEKS 

HIND PAW 
LESION CHANGE 
IN 6 WEEKS 



gm/tlai/ 


None 

17.7 

■f 0.7 


0.5 mg a-tocopherol 

14.0 

4- 2.5 


10 mg Me-linolate 

21.5 

— 1.3 

■ -0.8 

10 mg linolate + 0.25 mg a^tocopherol 

55.0 

— 7.2 

- 1.2 

10 mg linolate -f 0.5 mg a -tocopherol 

36.0 

- 8.6 

-1.6 

10 mg linolate -f- 1.0, mg o-toeopherol 

52.3 

— n.o 

- 1.0 


addition received 0, 0.25, 0.5, or 1.0 rag of alpha-tocopherol 
daily. These supplements were continued for 6 weeks. Their 
elfect on the average change in body weight, and the average 
change in daily water consumption over this period, is given 
in table 1. 

The group receiving linolate alone gained an average of 
3.8 gm more than the negative controls, while the average 
gain of the animals receiving linolate and 0.25 mg of 
tocopherol was 37.3 gm more. Larger amounts of toco- 
pherol did not improve the growth performance. How- 
ever, water consumption declined steadily as the tocopherol 
was increased to 1 mg daily. 
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Alpha- vs. gamma-tocopherol as sparing agents 

It has been shown by Hickman, Kaley and Harris (’44) 
that gamma-tocopherol is equivalent to the alpha form as 
a sparing agent for vitamin A, in vivo. The relative potencies 
of these two compounds as sparing agents for methyl linolate 

TABLE 2 

The protection of suhoptimal levels of methyl linolate in curing 
the fat acid deficiency. 


(Six rats per group. Supplements started after 6 weeks — A, and 7 weeks — B, 

on diet 60.) 


DAILY SUPPLKMENT 

AVERAGE STARTING 

BODY WEIGHT 

AVERAGE BODY 

WEIGHT INCREASE 

IN 5 WEEKS 


gm 

Mfian 

deviation 

gm 

Standard 

error 

A. 

Comparison of 

a- and 7 -tocopherol 


None 

156.5 

± 19.2 

30.7 

± 2.3 

0.5 mg a tocopherol 

169.6 

± 10.5 

28.3 

± 1.9 

20 mg linolate 

154.9 

± 7.7 

50.7 

±: 2.6 

20 mg linolate plus 

0.5 mg o-tocopherol 

159.8 

zt 14.0 

65.7 

± 3.2 

20 mg linolate plus 

0.5 mg 74ocopherol 

155.0 

-t 6.5 

58.5 

± 1.8 

B. 

Effect of feeding on alternate days 


None 

194..‘l 

±: 15.0 

25.4 

It 3.5 

20 mg linolate daily 

173.5 

±' 20.5 

43.8 

t: 3.5 

40 mg linolate fed 
every other day 

183.8 

± 9.5 

45.5 

±: 3.4 

20 mg linolate plus 

0.5 mg a-tocopherol 
daily 

186.0 

It 9.7 

51.8 

It 2.3 

40 mg linolate plus 

0.5 mg o-tocopherol 
fed on alternate days 

202.0 

±: 6.7 

56.0 

It 1.9 


were tested. The results given in table 2-A indicate .slightly 
less activity for the gamma-tocopherol. However, on sta- 
tistical analysis the difference in response to the two toco- 
pherols falls somewhat short of significance by the t test 
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The animals were depleted for 6 weeks on diet -60, after 
which supplements were begun, using six rats per group. 
After a 5-weejk supplementation period the group receiving 
20 mg of linolate, alone, showed an average gain of 20.0 gm 
more than the controls. When alpha-tocopherol was given 
in addition, the growth gain averaged 35.0 gm. With gamma- 
tocopherol plus the linolate the growth gain averaged 27.8 gm. 

Separate feeding of linolate and tocopherol 

After 7 weeks’ depletion on diet 60, rats were placed upon 
five supplemental variations using six animals per group. One 
group served as the negative control. Two other groups 
received, daily, 20 mg of methyl linolate; one of these was 
given 0.5 mg of alpha-tocopherol daily, in addition. The two 
remaining groups were given, every other day, 40 mg of 
methyl linolate ; one of these groups received 1 mg of alpha- 
tocopherol on the days alternating with the linolate feeding. 
The experiment was continued for 5 weeks. The effect of 
these supplements on the growth of the animals is shown 
in table 2-B. 

The average growth of the two groups receiving linolate 
was about the same. Alpha-tocopherol gave practically 
equivalent benefit whether fed daily with the linolate or on 
alternative days. 

DISCUSSION 

The data indicate that alpha-tocopherol extends the 
effectiveness of suboptimal quantities of linolate in prevent- 
ing or curing the essential fat acid deficiency in rats. Gamma- 
tocopherol is also an effective sparing agent for low levels 
of linolate, but possibly less so than the alpha form. 

■ The sparing action appears not to be limited to the gastro- 
intestinal tract, since the onset of the deficiency syndrome 
was delayed by tocopherol given during the depletion period. 
Furthermore, it exerted a sparing action on low curative 
levels of linolate when fed separately at 24-hour intervals. 
This indicates a sparing of linolate in liver or tissue cells or 
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in body fluids, unless it is assumed that the tocopherol 
remained in the stomach for as long as 1 day. 

When the deficient animal is flooded with large doses of 
linolate alone, rapid and complete cure results. Tocopherol 
fed in addition to these doses exerts no evident benefit on the 
rates of cure. Since additional tocopherol is not essential to 
the complete cure, the observed sparing of low levels of 
linolate must be due to a protective action, and is not simply 
the response to two independent deficiencies. It does not 
follow, necessarily, that because tocopherol gives no apparent 
benefit with sufficiently large doses of linolate, no interrela- 
tion exists between vitamin E and linolate in the ultimate 
biochemical function of the latter. Body tissue cells probably 
still contain fairly high levels of vitamin E even though the 
stores in liver and blood, needed for the in vivo sparing 
action, may be low. 

Alpha-tocopherol given without linolate to rats which are 
suffering from an essential fat acid deficiency aggravates the 
symptoms. Two possible explanations are, either that the 
tocopherol acts as a prooxidant under these conditions and 
accelerates the destruction of the residual linolate, or that 
the tocopherol, acting as a physiological antioxidant blocks 
out more completely the normal and necessary oxidation of 
the residual linolate. The latter explanation implies that 
peroxidation at the central double bonds is involved in the 
essential biochemical function of linolate. 

No proof exists for such peroxidation, in vivo, and there 
is evidence that complete central cleavage of the carbon chain 
does not occur. However, peroxidation may serve a function 
without leading to complete cleavage. Linolate peroxides may 
act as a potent terminal hydrogen acceptor for some chain 
of enzymatic oxidation, such as the fi-oxidation of fats. 

Salmon (’38) has noted that pyridoxine exerts a sparing 
action on essential fat acid. The structure of pyridoxine 
indicates that it should have antioxidant activity. To test 
this, freshly prepared free base pyridoxine was added at 
0.08% to a vitamin A solution in fish oils. Incubation at 55° C. 
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showed that the stability of the vitamin A was doubled. This 
antioxidant activity of pyridoxine may be involved in the 
observed sparing of linolate, in vivo. 

The significance to human nutrition of the sparing of lino- 
late by tocopherol is complicated by lack of agreement con- 
cerning the essential nature of the unsaturated fat acids. 
There is evidence that infantile eczema is related to a 
deficiency in essential fat acids (Brown and Hansen, ’37). 
The daily human requirement for linolate may be tentatively 
placed at 3 gm by calculating, on the caloric basis, from the 
rat’s requirement of about Img per calorie. Three grams of 
linolate would be contained in about one ounce of lard, or a 
quarter of an ounce of some vegetable oils. For efiScient 
utilization of this quantity of linolate about 30 mg of 
tocopherol daily may be necessary. This calculation is based 
on the apparent ratio of 100 to 1 shown to give good protec- 
tion in the rat. 


SUMMARY 

Alpha-tocoplierol extends the effectiveness of suboptimal 
quantities of linolate in preventing or curing the essential fat 
acid deficiency syndrome in the rat. This sparing action has 
been shown using pure methyl linolate or sesame oil. Gamma- 
tocopherol also spares essential fat acid, in vivo. 

The interrelation of tocopherol and linolate appears not to 
be restricted to the gastrointestinal tract, since feeding of 
these substances separately at 24-hour intervals still shows 
enhanced growth, as compared with either supplement by 
itself. 

When tocopherol but no essential fat is fed to fat-deficient 
rats the deficiency symptoms are aggravated. 
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That the essential amino acids must he determinin»' of the 
biolojyical value of proteins is so obvious as scarcely to require 
any introductory comment (Thomas, ’30; Rose, ’38). Tt is 
important now to learn (1) whether a mixture of the ten 
essentials in the proportion one to another contained in a 
I)rotein can produce as much retention of nitrogen in relation 
to the amount absorbed, as can be obtained from the same 
amount of total nitrogen supplied by the protein itself, and 
(2) to what extent allowance mn d be made for the unnatural 
isomers of the racemic (dl) forms which cannot be utilized. 

Before entirely artificial proteins are adopted for human 
nutrition — even emergency nutrition — it should be borne 
in mind that no proof has ever been given that all protein 
in the alimentary tract is broken down to the stage of biuret- 
free products before absorption (Van Slyke, ’42), This being 
true it is possible that certain preformed aggregates (poly- 

‘ The work described in this paper was done under a contract, recommended by 
the Committee on Medical Research, between the Office of Scientific Research and 
Development and the University of Rochester. 
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peptids) are advantageous to protein nutrition. It is certain 
that entirely separate amino acids ingested in solution are 
absorbed more rapidly than natural products formed by pro- 
teolytic alimentary enzymes, and that a measurable poTtion 
escapes deamination, being consequently excreted unchanged 
in the urine. The question from this standpoint, therefore, 
is one of economy of utilization. 

The supreme test of adequacy of a mixture of essential 
amino acids representing a protein as compared with the 
protein itself would be to feed the protein first, following a no- 
protein period, and immediately afterward a mixture of the 
ten in the same proportion one to another in which they occur 
in the protein and in sufficient quantity to supply the same 
total nitrogen as the protein. The amounts of the essentials 
over and above that represented by them in the protein should 
be sufficient to form all the nonessential amino acids supplied 
by the protein for whatever measure of usefulness they pos- 
sess for the body. This was thte hypothesis upon which the 
comparisons reported in this paper were based. 

Obviously it was necessary first to learn the composition of 
the proteins selected with respect to the ten essentials. This 
analytical work will be reported in detail in a separate publi- 
cation,® only such parts of it being used in this report as are 
necessary for clarity of presentation. 

PROCEDURE 

"When this project was undertaken (August, 1943) only the 
racemic forms were available of isoleucine, leucine, methi- 
onine, phenylalanine, threonine, tryptophane and valine. For 
the basic amino acids arginine, histidine and lysine the 1 (+) 
monohydrochlorides were most available. All these® were 

* A grant was obtained from the Nutrition Foundation and Dr. R. R. Sealoek, at 
that time assistant professor in the department, agreed to supervise the analytical 
work. After Dr. Sealock left (January 1945) to* become associate professor of 
biochemistry at Ames, Iowa, the responsibility was taken over by one of us (L.R.E.) 
and, when teaching duties interposed, it was passed along to Dr. Grant Bartlett, 
who served until the end of the project. 

® Purchased from Merck and Company, Rahway, New Jersey. 



PROTEINS AND AMINO ACIDS 


717 


confirmed as to purity by Kjeldahl determination of the 
nitrogen contents and as to freedom from heavy metals by 
spectrographic analysis very kindly performed for us by Dr. 
L. T. Steadman of the radiology department. 

The source material of the protein having been analyzed, 
and the desired level of feeding, gauged by the urinary nitro- 
gen excretion of the second or third day of no protein, having 
been decided, the test protein could be started; but the level 
of intake aften had to be adjusted after a day or two, when 
the “no-protein” fecal nitrogens became available. Only the 
last 2 or 3 days’ urines of each period were used in the cal- 
culations. Because of unpredictable fecal losses from some of 
the food proteins these calculations involved appreciable 
error, but the aim was not to secure the most reliable bio- 
logical values so much as to rate protein and amino acid mix- 
ture against the same basis of calculation. Paper I (Murlin 
et al., ’46a) sets forth the issues which had to be dealt with 
here. 

The analysis of a protein being in hand, the mixture of es- 
sential amino acids was compounded on the as-purchased basis 
to give as nearly as possible, taking into account anticipated 
larger urinary losses, a nitrogen balance at least as high as 
that of the protein. This mixture, fed in the period follow- 
ing the test protein, replaced it in the total diet (see paper I 
for the basal diet). 

The amino acids were dissolved suwessively in distilled water in two 
or more 4-liter pyrex beakers over firee flames, the temperature being 
kept below 80°C. to avoid discoloration of tryptophane. After 1 day’s 
experience with each mixture the amount of water necessary could be 
estimated rather exactly. Pouring from one beaker to another was a 
decided help for obvious rea-sons, and as a rule the entire quantity 
daily for a squad of ten subjects could be dissolved in 6 or 7 liters at 
80°C. The beakers then were partially cooled and their contents 
transferred, with liberal use of rinsing water to prevent crystalliza- 
tion, to 2-liter pyrex volumetric flasks and cooled to 20°C. The 
whole solution amounting to 8 or 10 liters was assembled in a 12- 
liter flask kept in the cooling water, and after thorough mixing each 
person’s aliquot measured at 20° into bottles of appropriate size. Ap- 
proximately one-third of the day’s volume was consumed by sipping 
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frequently during each meal. The nitrogen content of the solution 
was checked by Kjeldahl analysis and almost always gave a result 
a little below the theoretical, even though the acids were kept in a 
desiccator. 

The amino acid period varied from 3 to 6 days depending on how 
well the particular mixture was tolerated. If nausea was serious 
or vomiting occurred, the period was terminated at 3 days ; if not it 
was continued to at least 4 days. Account always had to be taken of the 
remainder of the program for each series of experiments. If other 
“no-protein” and amino acid experiments were contemplated, it was 
not advisable to prolong the periods longer than 4 days because of the 
inevitable loss of weight during the amino acids regimes (see paper I, 
Murlin et al., ’46a). 

The subjects of these experiments were for the major part con- 
scientious objectors assigned from their quota by O.S.R.D. 

RESULTS 

Seven of the ten experiments with amino acid mixtures 
listed in table 1 were performed in the order and manner 
described under Procedure and give the pattern character- 
istic of the regular routine. Three of them departed from the 
pattern in one or more respects. The first in the table had its 
“no-protein” period following those for the protein aild 
amino acids. The second corn germ experiment (6-iii and iv) 
made use of an amino acid mixture to bring 19.44 gm w’heat 
germ protein to an equality with 22.29 gm corn germ protein. 
The second experiment with egg protein (6-vii and viii) em- 
ployed glutamic acid and glycine to make up the nitrogen 
of egg not supplied by essential amino acids. These three 
therefore are to be regarded as atypical experiments in 
method but equally instructive with the others in results. 

To consider these first, the low biological value of egg pro- 
tein in series 3 is accounted for in part by the reverse order 
of the ptotein and no-protein periods and in part by the high 
level of protein intake resulting in a plus N balance (Allison 
and Anderson, ’45). The depleting eflPect of a no-protein 
period certainly promotes retention of a protein consumed 
immediately afterward. The experiment with wheat germ 
plus amino acids in comparison with corn germ showed that 
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TABLE 1 

Synopsis of proteins and mixtures of essential amino acids consumed, 
nitrogen balances and biological values (B.V,). 


DAILY AVERAGES 


^KRIES 

NO . 

DERIOD 

NO 

CONSUMED 

NO. 

SUBJECTS 

Intake 

N 

N bal 

BY. 

B.V of 
amino acids 
as of 
protein 

B V. 

3 

viii 

Whole egg 

6 

7 

4.750 

+ 0.374 

75 



ix 

Amino acids 

5 

7 

4.509 

- 0.816 

57 

76 


X 

No protein 

3 

7 

0.333 

~ 2.853 



4 

vi 

No protein 

3 

11 

0.292 

- 3.411 




vii 

‘ ‘ Kitchen food 
yeast ’ ’ ‘ 

5 

11 

3.700 

- 1.003 

83 



viii 

Amino acids 

3 

11 

4.852 

— 0.035 

75 

90 


ii 

No protein 

3 

10 

0.361 

- 3.481 




iii 

Cottonseed meal * 

.3 

10 

3.867 

- 1.128 

87 



iv 

Amino acids 

3 

10 

4.353 

- 0.599 

74 

85 


vii 

No protein 

3 

7 

0.324 

~ 3.038 




viii 

Corn germ 

5 

7 

4.164 

~ 0.128 

95 



ix 

Amino acids 

5 

7 

4.247 

- 0.123 

83 

87 

d 

ii 

No protein 

3 

4 

0.236 

- 3.050 




iii 

(V)rn germ '' 

5 

4 

4.668 

- 0.461 

78.6 



iv 

Wheat germ * -f Am. 









Ac. to equal 
corn germ 

4 

4 

4.577 

- 0.565 

68.8 

87 


vi 

No protein 

3 

4 

0.251 

- 3.107 




vii 

Whole egg 

.'i 

4 

3 .. 30.5 

- 0.184 

101.7 



viii 

Amino acids, essential 









and nonessential 

4 

4 

3.684 

_ 1.050 

62.5 

61 


X 

No protein 

3 

2 

0.433 

- 3.029 




xi 

Haddock 

.5 

2 

3.245 

- 0 685 

92 



xii 

Amino acids 

2 

2 

3.464 

- 0.424 

75 

81 


ii 

No protein 

4 

9 

0.806 

- 3.471 




iii 

Corn germ 

5 

9 

4.394 

_ 1.061 

96.5 



iv 

Amino acids 

4 

9 

4.195 

- 1.409 

66 

68 


vii 

No protein 

4 

9 

0.526 

- 2.769 




ix 

Corn germ 

7 

9 

4.896 

~ 0.465 

75.5 



X 

Amino 









acids ad.pisted 

4 

9 

6.235 

+ 0.023 

54.7 

74 


xii 

No protein 

4 

8 

0.195 

- 2.842 




xiii 

Beefsteak 

6 

8 

3.889 

-f 0.484 

91 



xiv 

Amino acids 

Amino acids 

3 

8 

3.983 

~ 0.473 

67 

74 



adjusted 

2 

8 

4.667 

- 0 061 

65 

71 


* Supplied by Anheuser-Busch C/O. of St. Louis, Mo. 

® Obtained from Oil Mill Products Co., Ft. Worth, Tex. 
Obtained from the VioBin Corp., Monticello, 111, 
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by deducting the nitrogen of the unnatural isomers of the dl 
forms added to wheat germ the biological value of this protein 
could be brought into equality with that of com germ (see 
footnote 9). The second experiment with egg makes it evi- 
dent that neither glutamic acid nor glycine nor both aids re- 
tention of the total nitrogen represented by essentials and 
nonessentials. 

It is clear from table 1 that none of the experiments with 
mixtures of essential amino acids compounded according 
to the analysis of the protein for these constituents, and sup- 
plying as much or more (three exceptions) nitrogen as the 
protein, produces a biological value so high as the protein 
itself when consumed by the same persons and evaluated 
against the same endogenous nitrogen. Expressed as a per- 
centage of the B.V. of the protein, the B.V. of the correspond- 
ing mixture varied from 61% (series 6, period viii, essentials 
and nonessentials) to 90% (4r-viii, amino acids containing 
nitrogen enough to approach equilibrium closely). There is no 
regular pattern of performance on the amino acid diet as 
compared with that on protein. This was scarcely to be 
expected. 

The failure of such mixtures to duplicate the biological 
values of the proteins, which they imitated with respect to 
these ten constituents more or less exactly, was not surprising 
in view of the facts developed by Bose and co-workers (Rose, 
’38), Totter and Berg (’39), Berg (’42), Bauer and Berg 
(’43), Albanese (’44) and others regarding the nutritional' 
inequality of the d and I isomers. According to the reviews 
by Rose and. Berg the unnatural isomers of isoleucine, leu- 
cine, valine and threonine are not utilized at all for mainte- 
nance and growth in rats, and a,ecording to Bauer and Berg 
they are also not available to the mouse. Totter and Berg ( ’39) 
reported that the unnatural isomers of tryptophane and his- 
tidine were not so effective in the niouse as they have beeo 
found to be for the rat, and that unnatural lysine is not ef- 
fective at all in either species. While Bauer and Berg found 
both optical isomers of. phenylalanine and methionine appar- 
ently equally well utilized Jfor growth in mice (as tiieyare in 
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the rat), Albanese believes on the basis of his excretion studies 
that the unnatural isomers of tryptophane and phenylalanine 
are not readily utilized (retained) by man. Since differences 
have been found between two species so closely related as the 
rat and mouse with respect to the utilization of unnatural 
tryptophane, histidine and possibly leucine, Albanese ex- 
presses the view that “it is obviously unsafe to make assump- 
tions about man on the basis of animal studies.’’^ However, 
accepting the results on rats and mice as at least indicative 
of what may be expected in maintenance metabolism in man, 
and the scanty evidence obtained directly from human sub- 
jects, it appears that there are six dl forms, isoleucine, leucine 
phenylalanine, threonine, tryptophane and valine, whose un- 
natural isomers may be rejected by man. Hence it does not 
appear at all gratuitous to assume that under the conditions 
of these experiments when sufficient amounts of the natural 
isomers are supplied the unnatural ones shotuld be regarded 
as completely dispensable. 

The problem then was, first, to determine whether an over- 
all correction could be made in the mixture to compensate 
for this inequality. If it were certain that all of the nitrogen 
of the unnatural form in the dl isomers were wasted without 
being deaminated, it would be justifiable to deduct the total 
amount of this nitrogen from the absorbed and urinary nitro- 
gens and recalculate the biological value on the remainder 
•absorbed and excreted. This i| regularly done in this labora- 
tory for the purine nitrogen of coffee, tea and carbonated 
beverages, because they are largely excreted unchanged in 
the urine. The same treatment would be proper for medic- 
inal nitrogen or for that of urea added to the diet as a test 
substance for kidney function. Rose (’38, p. 131) states it is 
customary in his laboratory and elsewhere “if a synthetic 
product is employed to double the amount in order to insure 
the presence of the active isomer at the desired level.” This 
procedure assumes that none of the unnatural isomer is util- 

* One is reminded of Mitchell ’e ( ’38) comment : < * It is good that our complacency 
in the infallibility of a sort of Jeffersonian doctrine that all animals are created 
equal is being disturbed. ’ ’ 
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ized for retention and has been tried several times in this 
study, but with no better results, as will be seen in table 2. 
Without correction the B.V. is too low ; with correction for all 
the nitrogen of the unnatural isomers it is too high. 

All three of the derived values in the examples given over- 
correct the B.V. of the proteins. Likewise all the other exper- 
iments in table 1 revealed overcorrection when all the nitro- 
gen of tljie unnatural forms was deducted. This obviously 
means that some of it, but a varying proportion from exper- 
iment to experiment, was utilized in retention, therefore pre- 
sumably in true anabolic processes. From present knowledge 


TABLE 2 

Theoretical correction for N of unnatural isomers in experiments with egg and yeast proteins. 
(All values are average for entire sauad.') 



a 

b 

c 

d 

e 

f 

K 

h 

» 

.1 

k 


a 


£ 

a 

Z 


B 






Test protei 
fecal N 

k 

9 

is 

mS U 

Test protei 
N eaten 

1 

£ 

Test protei 
urine N 

e 

Oj 

ig-h) 
urinary 
waste N 

O' 

o 

^ a> 

X 

o > 

Egg 

(3-viii) 
Am. Ac. 

0.970 

0.822 

0.148 

4.750 

4.602 

97 

3.406 

2.350 

1.156 

25.0 

75 

(3-ix) 

1.192 

0.822 

0.370 

4.510 

4.140 

92 

4.133 

2.350 

1.783 

43.0 

57 





1.289 


1.289 







Correction 

for all N of 

2.851 


2.844 

2.3.50 

0.494 

17.3 

82,7 



unnatural isomers: 








Yeast 

(4-vii) 

Am. Ac. 

1.544 

1.074 

0.470 

3.700 

3.230 

86 

3.159 

2.629 

0.530 

16.4 

83.6 

(4-viii) 

0.773 

1.074 ~ 

0.301 

3.772 

4.073 

108 

3.653 

2.629 

1.024 

25.1 

74.9 






1.046 


1.046 







Correction for all N of 

3.027 


2.^7 

2.629 

- 0.022 

0.07 

100.1 



unnatural isomers: 








Am. Ac. 












(4-viii) 

0.773 

1.074 ~ 

0.301 

4.852 

5.153 

94 

4.116 

2.629 

1.487 

28.9 

71.1 

doubling dl forms 



1.365 


1.365 







Correction for all N of 

3.788 


2.761 

2.629 

0.122 

8.a5 

96.5 


unnatural isomers: 


’ Overcorreeted. 
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it is not possible to deduce from the literature a single correc- 
tion factor to compensate exactly for the nutritional inequality 
in the case of each of the seven racemic forms used in this 
study. 

The literature does, however, clearly reveal that the un- 
natural isomers are the ones, which, though they may be 
made to fit the body needs in emergency perhaps after acetyla- 
tion (duVigneaud, Sealock and Van Etten, ’32; Holt and 
Albanese, ’45), either like foreign or medicinal substances or 
like nonessential surplus amino acids, by oxidative deamina- 
tion. If any unnatural isomer should be, like ingested urea, 
wholly useless, it would be found in the amino acid fraction 
of the urinary nitrogen. If like nonessential amino acids it 
should be deaminated and transformed into urea or ammonia 
it would be found in one or the other of these fractions. 
Can we not then change the level of feeding so that, assuming 
the same rate of performance of the human organs, the whole 
of the nitrogen of these scarcely assimilable intruders would 
be rejected in one form or another? 

It is not difficult to calculate how much nitrogen would need 
to be subtracted from the absorbed and urinary nitrogens in 
any experiment with the amino acids to give the correct bio- 
logical value. The formula is the following : 

I Sctained N I 

(1) B.V. of the Protein _ [ ( Ab8.N->£— ( (Ur.Ni ", — No-Priit.Ur^N) ] x 100 
as pcreentage ’ T ~Ab8orbed~N-7 

X will be something less than the total nitrogen of the un- 
natural isomers fed. Suppose it were two-thirds of the total. 
This would imply that one-third of the nitrogen of the unnat- 
ural forms already is being excreted. If so, increase of the (U 
isomers by two-thirds should permit excretion of the total 
nitrogen of these forms as “medicinal” or useless nitrogen, 
because then the nitrogen of the natural forms would be suffi- 
cient, having also been increased by two-thirds. 

An experiment performed late in the course of the investi- 
gation illustrates just such a correction. At the time the 
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analyses of the hydrolysates for the essential amino acids 
were more satisfactory, because confirmed by high precentage 
recoveries of pure amino acids added singly to the hydroly- 
sates. Likewise the fourth-day no-protein urinary nitrogen ex- 
cretions were dependable as endogenous base according to the 
criteria developed in paper I (Murlin et al., ’46a). The experi- 
ment referred to will be found in series 8, periods ix and x, 
of table 1. , 

Com germ prot^vn and its amino acid counterpart 

The series started with a new squad of nine men. Corn 
germ was again chosen as source of the test protein. A pre- 
liminary experiment on this protein followed by the corres- 
ponding mixture of the ten essential amino acids had been run 
for the express purpose of deriving a correction factor for the 
nitrogen of all the unnatural isomers taken together, which 
could be applied in a repetition of the experiment. Urinary 
nitrogens of the first no-protein period (8-ii) were not yet low 
enough for a dependable absolute biological value ; but it was 
decided, since the men were scheduled for at least two more 
such periods, to accept a high B.V._, because whatever its level 
a correction derived by comparison of protein and amino 
acid mixture referred to the same base probably should apply 
satisfactorily later against true endogenous excretions. 

The calculation by means of equation (1) above produced 
a value for x very close to two-thirds (66.9%)® of the total 
nitrogen of -the unnatural isomers fed and, as it happened, 
just 33.3% of the total average amino acid nitrogen fed in 
the preliminary experiment; namely, 3.977 gm daily. The 
nitrogen balances were too low as may be seen in table 1 
(87-iii and iv), to protect body protein. It was desirable from 
this point of view also to increase the nitrogen intake. Allison 
and Anderson (’45) have shown in careful experiments on 
dogs that B.V. is a constant so long as absorbed nitrogen and 
nitrogen balance from the same protein bear a linear relation- 

* On recalculation an error was found, correction of which made the percentag^e 
60 . 3 %, but it was then too late, to change. 
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ship to one another, but this applies only to the region of neg- 
ative balances. Their values are expressed in terms of sur- 
face area. But whatever the mode of expression it is evident 
that where there is excessive excretion, as in these experi- 
ments, due to the more rapid absorption of amino acids than 
of products of protein digestion and to the relatively lower 
nutritional value of at least most of the unnatural isomers, 
if not all of them, no such relationship could be expected, 
between protein and amino acid mixture. 

The com germ feeding was increased by 0.75 gm nitrogen 
(average per man) and produced a B.V. of 75.5 (table 3) 
(Mitchell and Beadles, ’44). Increasing the dl amino acids 
by 66.9% above the level calculated to equal the nitrogen 
intake on corn germ and maintaining the percentages one to 
another of these seven constituents produced the B.V. of 
54.7. The three basic amino acids were held at the calculated 
level before increasing the dl forms, and as a consequence 
the total nitrogen of the unnatural isomers now amounted 
to 28% of the total nitrogen of all the amino acids, 5.982 gm, 
instead of 33.3% for the preliminary experiment. Applying 


TABLE 3 

Biological value of com germ protein (period 5-ia:, table 1), 


c d 

e 

f 

g 

h 

i 

j 

k 


Test 

Fecftl N protein N 
correction fed 

(d-f) 

absorbed 

N 

True 

ditrest- 

ibility 

Test 
protein 
urine N 

Ko-protein 
urine N 

(g-b) 

i X 100 

e 

100-3 

B.V, 

N-bal. 

1.147 4.896 

3.749 

77 

3.133 

2.215 

0.918 

24.5 

75.5 

- 0.465 

Biological value of amino acid mixture with dl forms increased by 66.9% (period 8-x, table 1). 

o.iee 6.235 

6.069 

97 

4.966 

2.215 

2.751 

45.3 

54.7 

■f 0.023 

Correction for all N 









of unnatural isomers 








fed: 

1.675 


1.675 







4.394 


3.291 

2.215 

1.076 

24.5 

75.5 

+ 0.023 

Correction for 









excess of urea, 

NHa and Am. 

6.069 


4.966 






acid N in urine: 

1.712 


1.712 







4.367 


3.254 

2.215 

1.039 

23.8 

74,2 

-f 0.023 
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this correction on the assumption that all of this nitrogen of 
the unnatural isomers is now dispensable, the B.V. of the pro- 
tein is reproduced precisely. 

This experiment falls short of perfection, however, for the 
proper correction factor was not used (see footnote 5). But 
if the factor 60.3% had been used, the effect on B.V. would 
have been very small.® A further check on the correction 
for a fractipn of the total nitrogen equal to that of the un- 
natural isomers, is found by taking into account the dis- 
tribution of nitrogen in the urine, as will be explained more 
fully in connection with the beefsteak experiment. The extra 
urea and ammonia N deriving from the adjusted amino acid 
intake was estimated at 1.299 gm and the extra amino acid 
nitfogen equal to 0.483 gm, a total of 1.712 gm. Deducting 
1 .712 gm, in place of the 1.675 gm representing the total nit- 
rogen of the unnatural isomers, produces a B.V. of 74.2 (table 
3). There is of course no way of proving that all the extra 
urea, ammonia and amino acid nitrogen ’’ came from the un- 
natural isomers, but it is at least a striking coincidence that 
the sum of these fractions so nearly equalled just one-half of 
the total nitrogen of the dl isomers at the adjusted level. 

Nitrogen balances of protein and its amino acid counter- 
part need not be equal to give equal biological values (table 
3) ; but it is important that the nitrogens absorbed be at least 
close together and the correction accomplishes this with ref- 
erence to the isomers of the amino acids known to be avail- 
able for synthesis. 

This demonstration creates a strong probability, though not 
direct proof, that when sufficient amounts of natural isomers 
are present the unnatural forms become entirely dispensable. 

• Thus the total N of the unnatural isomers would have been 27,5% of the total 
.amino acid nitrogen, the correction 1.604 gm instead of the 1.675 gm used in table 
3, and the B.V, 73.5. This assumes that the urinary excretion had remained the 
same. It could not have been higher, and if it had been reduced^ the limit would 
have been 0.132 gm; consequently the B.V. would have fallen between 73.5 and 76.7. 

^ A few tests performed by Dr. Grant Bartlett, employing a d-amino acid oxidase, 
prepared from acetone powders of rabbit kidney and liver, estimated the d-amino 
acid nitrogen on 2 days of this period at 17 to 21% of the total amino acid nitrogen 
in the urine or about 10.4% of the nitrogen of the unnatural isomers fed. 
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Such a result could not have been obtained if the excretion 
data had not been entirely reliable. 

Another and perhaps more pertinent criticism would be 
that by increasing the dl forms alone, leaving the basic amino 
acids unchanged, the proportions of the latter necessarily 
were reduced and the former increased to such an extent that 
the resulting mixture no longer duplicated the composition 
of the corn germ protein. A look at the two mixtures before 
and after adjustment of tbe dl forms shows how much they 
were changed (table 4). 

TABLE 4 


IHstrihiition of the essential amino acids in corn germ protein and in the mixture 
of synthetic amino acids (on the as-purchased basis, containing 
66.9% increase of dl forms). 


CORN GKRM PROTEIN ‘ 

A&rlNO ACID MIXTURE 

!2 


% 


% 

Arginine 

16.19 

1 ( + ) Arginine 

12.88 

Histidine 

5,87 

1 (-I-) Histidine 

5.17 

Isoleucinc 

6.48 

dl Isoleucine 

7.04 

Leucine 

18.94 

dl Leucine 

20.57 

Lysine 

12.28 

1 (-f) Lysine 

10.99 

Methionine 

7.83 

dl Methionine 

8.51 

Phenylalanine 

9..52 

dl Phenylalanine 

10.34 

Threonine 

9.16 

dl Threonine 

9.95 

Tryptophane 

6.11 

dl Tryptophane 

6.46 

Valine 

7.44 

dl Valine 

8.09 


99.33 


100.00 


‘The essential amino acids make up 62J9% of the total protein (N X 5.7) of 
corn germ. The percentages given reveal j)roportion of each to all and to one 
another in this 62.19%. 

* This is the adjusted or final mixture. 


Comparison of the figures in table 4 makes evident that 
all the basic amino acids are reduced more than the dl forms 
are increased, the relative change of the former being from 
10.5% for lysine to 19.8% for arginine; for the latter from 
8.4% for leucine to 8.8% for valine. 

Calculated on the percentage of the nitrogen of the I or 
natural forms, which is more important from the point of view 
of our working hypothesis, the change, as seen in table 5 (cols. 
3 and 5) is found to be reversed. All of the basic amino acids 
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now are increased because all of their nitrogen is of the nat- 
ural form, while all the nitrogens of the I isomers are lower 
than in the protein, because obviously only half of the nitrogen 
of the dl isomers is considered. The relative change is now 
8.4% for lysine, 8% for histidine and 5% for arginine. The 
relative decrease among the dl forms runs from 9 to 11%. 
On the evidence in table 3 it is believed these alterations are 
not significant for biological values. 

TABLE 5 

3istrihution 6f nitrogen of the natural isomers among the essential amino acids of 
com germ protein and the mixture of synthetic amino acids. 


CORN OERIC PROTEIN AMINO ACID MIXTTTBR 



Gm N/ 
100 gm 

Per cent 
of total 

N 

Av. N 

Om/man/day 

essentials 

only 

Gm N/ 
100 gm 

Per cent 
of total 

N 

Av. N 
Gm/man/ 
day 

Arginine 

3.27 

32.3 

0.932 

3.27 

34.9 

1.502 

Histidine 

0.99 

9.8 

0.292 

0.99 

10.6 

0.456 

Isoleueine 

0.43 

4.2 

0.121 

0.36 

3.8 

0.166 

Leucine 

1.26 

12.5 

0.361 

1.05 

11.2 

0.483 

Lysine 

1.46 

14.4 

0.418 

1.46 

15.6 

0.674 

Methionine 

0.46 

4.5 

0.130 

0.38 

4.0 

0.172 

Phenylalanine 

0.50 

4.9 

0.141 

0.41 

4.4 

0.188 

Threonine 

0.67 

6.6 

0.190 

0.56 

6.0 • 

0.257 

Tryptophane 

0.52 

5.1 

0,147 

0.43 

4.6 

0.198 

Valine 

0.55 

5.4 

0.156 

0.46 

4.9 

0.211 

Totals 

10.11 

99.7 

2.888 

9.37 

100.0 

4.307 


Total N of the unnatural isomers of the 7 racemic forms 1.675 


The essential amino acids in corn germ protein (NX5.7) ac- 
cording to the analysis made in this laboratory accounted for 
only 62.2% of the total nitrogen, and the nitrogen of these 
natural acids in the average amount ingested by the squad 
daUy was only 2.888 gm while the nitrogen of the natural 
isomers in the average daily ingestion of the amino acid mix- 
ture was 4.307 gm. The partial contribution of each acid in the 
two diets is found in columns 4 and 7- of table 5. The per- 
centage relationship of the nitrogens of the essential amino 
acids one to another evidently is not so different in the two 
forms of feeding the natural isomers as is the absolute amount 
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of the nitrogen in each. Corn germ protein is able to maintain 
the biological value of 75.5 with considerably less nitrogen 
in the natural isomer of each essential amino acid than is the 
mixture of synthetics (assmning that the nitrogen of each un- 
natural isomer is totally wasted). The comparison is even 
more favorable to the natural protein on the basis of total 
absorbed nitrogen of the natural isomers ; for the true digesti- 
bility of the protein is only 77%, while that of the amino acid 
mixture is 97% (table 3). 

Putting the best face possible on the comparison of a syn- 
thetic protein with the natural one which it imitates in all its 
best qualities, the nutritional economy of the former makes a 
poor showing. 

Beefsteak 

This protein offers the advantage of much less alimentary 
waste. An attempt was made to effectuate the correction of 
the nitrogen of the unnatural isomers of a mixture imitating 
its protein, in the same way as was done successfully with 
the mixture imitating corn germ protein. The correction, 
however, was calculated and applied in one single period of 
5 days — 3 days before adjustment and 2 afterward. Applied 
to the preliminary period the calculated increase of nitrogen 
from unnatural isomers necessary to reproduce the B.V. of 
the meat, on the assumption that all of it would be excreted, 
was 1.127 gm. The dl synthetics were increased accordingly, 
without changing the basic fortns, and the resulting distri- 
bution of the natural isomers shown in table 6 was obtained. 
As may be seen the actual sum of the contributions from all the 
unnatural isomers fell slightly below the predicted value. 

While the (relative) percentage change in the essentials 
is only 10 to 12% for the basics and 15 to 17% for the dl 
forms (cols. 3 and 5), the partial contribution which each 
makes to the absorbed nitrogen of all the natural isomers 
(cols. 4 and 7) is again considerably higher from the artificial 
than for the natural protein (about 70% for the basics and 
30% for dl forms). Notwithstanding this, correction having 
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been made for all the unnatural nitrogen in the amino acid 
mixture, the former falls several points short of duplicating 
the biological value of the latter (table 7). If it had been pos- 
sible to continue the experiment a few days longer, a second 
and more exact correction could have been made. The in- 
evitable conclusion is that synthetic amino acids are nu- 
tritionally uneconomical. 


TABLE 0 

Distrihvtion of nitrogen of natural isomers of essential amino acids in heef steak 
and in the mixture of synthetic essentials (after adjustment). 


IN BEirSTEAK PKOTKTN IN MIXTURE OF SYNTHETICS 



Gm N/ 
100 frm 
protein 

Per cent 
of total 

Gm each in 
av. absorbed 

Gm N/ 
100 gm 
mixture 

Per cent 
of total 

Gm each in 
av. absorbed 

Arginine 

3.25 

32.7 

0.709 

3.82 

36.2 

1.206 

Histidine 

1.19 

11.9 

0.258 

1.40 

13.3 

0.453 

Isoleucine 

0.59 

5.9 

0.129 

0.52 

4.9 

0.164 

Leucine 

1.39 

14.0 

0.304 

1.25 

11.8 

0.392 

Lysine 

1.54 

15.5 

0.336 

1.80 

17.1 

0.570 

Methionine 

0.39 

3.9 

0.085 

0.34 

3.3 

0.110 

Phenylalanine 

0.30 

3.0 

0.066 

0.27 

2.5 

0.PS3 

Threonine 

0.60 

6.0 

0.131 

0.54 

5.1 

0.165 

Tryptophane 

0.20 

2.0 

0.044 

0.18 

1.7 

* 0.056 

Valine 

0.47 

4.7 

0.104 

0.41 

4.0 

0.132 

Totals 

9.92 

99.9 

2.164 

10.53 

99.9 

3.331 


Total N of unnatural isomers 1.102 


The failure of the amino acid mixture in this experiment to 
duplicate the biological value of the protein, even under the 
most favorable conditions, might be explained by faulty analy- 
sis of the hydrolysate or by the fact that the nonessentials, 
being already formed in the protein and, possibly already in 
polypeptid combination with essentials to a greater extent 
than in corn germ, confer an advantage in time saved for their 
production as well as in conservation of essentials, or finally 
by the difiiculty of computing the correction factor accurately 
in the middle of a period before all the analytical data were 
available. There is some reason to believe that the lysine de- 
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termination adopted was too low, and lysine, as shown in paper 
II (Murlin, Edwards, Hawley and Clark, ’46b) is retained 
better than any other of the synthetic essentials when fed 
singly as an adjuvant to egg or soy bean protein. Indeed, as 
will be shown in a later publication (Hawley, Edwards, Clark 
and Murlin paper V, ’46), this amino acid seems to induce 
considerable retention of other nitrogen than its own. 

That the correction factor, equal to the total nitrogen of the 
unnatural isomers present in the mixture, was excreted as 
expected will be seen from the fractionation of the urines. 
The total nitrogen was partitioned by direct determination 


TABLE 7 

Biological value of heefstealc protein and of the amino acid mixture (after adjustment hy in- 
crease of dX forms according to calculation below). Averages for 8 men. 



Protein 1.057 1.028 0.029 3.889 3.860 99 2.378 2.040 0.338 8.7 91.3 +0.454 


Amino 

acid 

Prelim. 1.039 1.028 0.011 3.946 3.P35 99 3.411 2.040 1.371 34.8 65.2 -0.502 

Amino 

acids 

adjusted 1.039 1.028 0.011 4.667 4.656 99 3.689 2.040 1.526 32.8 67.2 -0.061 

Correction for all N of unnatural 

isomers: 1.102 1.102 

3.554 2.587 2.040 0.547 15.4 84.6 - 0.061 


Calculation for x in formula (1) p. 723; 
(3.935-x) — ((3.411~x)~2.040) X 100 
91.3 - (sTsil-x) 

91.3(3.936-x) = (3.936-x) — ((3.411-x)-2.040) X 100 
- 91.3x = (-3.411 4- 2-040 + .342)100 
91.3x= 102.9 
x=* 1.127 
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TABLE 8 

Distribution of the nitrogen of the urine from beefsteak protein and the amino add 
mixture imitating it before and after adjustment. 

All quantities are averages for the squad of 8 men. 


Beefsteak 
(Aug. 15) 

Am. acid 
mixture 
(Aug. 17) 

Am. acid 
mixture 
after ad- 
justment 
(Aug. Id 
and 20) 


UEEAN AMMONIA K AMINO ACID CREATININE URIC ACID MINED K 
N N N N UNDETER 

em % ffm % gm % gm % gm % gm % 

2.545 1.15? 45.3 0.355 13.9 0.232 9.1 0.527 20.7 0.148 5.8 0.132 5.2 


3.404 1.549 45.5 0.619 18.2 0.410 ‘ 12.1 0.510 15.0 0.096 2.8 0.219 6.4 


3.689 1.476 40.0 0.832 22.6 0.550 15.0 0.522 14.2 0.110 3.0 0.181 5.0 


^Approximately 43% of this nitrogen or 27% of the nitrogen of unnatural isomers fed was 
found by Dr. Bartlett to be of the d form. 


of urea, ammonia, amino acids, creatinine and uric acid, and, 
by difference, of the undetermined portion, on one or two of the 
last days of the beefsteak period, the preliminary amino acid 
period and the final or adjusted amino acid period (table 8),® 
Noticeable differences between the beefsteak and amino acid 
periods are found in all columns except that for the absolute 
amounts of creatinine. The increases in urea and, still more, 
in the urea plus ammonia fraction, both absolute and relative, 
are significant. The sum of these two in the two amino acid 
periods is 63.7 and 62.6%, respectively, of the total nitrogen, 
while in the beefsteak period it is only 59.2%. Increasing 
ammonia reflects the greater acidity of the final mixture 
over the preliminary one and of the latter over that of the 
natural digestive products. The weight of amino acid nitro- 
gen increases more rapidly from period to period than does 
the total nitrogen, as shown by the advancing percentages. 

* Eesults were available for only a single day of the first two periods. Eor this 
reason a small diserepancy will be found between the total nitrogens of the urines 
of these periods in this table and in table 7. 
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This of course must mean that more undeaminated amino 
acids are passing through the kidney as these already di- 
gested products reach the blood stream in greater concen- 
tration. 

Diminishing percentages of creatinine and uric acid nitro- 
gen are expected because, whereas the beefsteak contains 
definite precursors of both products, creatine and nucleic 
acids, the amino acid mixture contained only arginine as a 
possible precursor of creatine. It was not sufficient appar- 
ently to overbalance the preformed creatine of the beefsteak. 

But it is the sum of the first three fractions with which we 
are principally concerned, i.e., the sum of the deaminated 
and undeaminated amino nitrogens appearing in the urine. 
How well does the difference between these sums for the beef 
protein period and the final amino acid period agree with the 
correction factor representing the nitrogen of all the un- 
natural isomers of the dl forms in the final period? The .sum 
for the former is 1.739 gm per man; for the latter it is 2.858 
gm per man; and the difference is 1.119 gm. The correction in 
table 7 is 1.102. The nitrogen intake Avas increased in the final 
amino acid period over the beefsteak period by only 0.778 gm 
per man per day (table 7), but the nitrogen of the dl forms 
amounted to 2.204 gm, and that of the unnatural isomers in 
this 1.102 gm. It is unbelievable that the agreement between 
the sum of the nitrogens of the unnatural isomers in the total 
absorbed nitrogen and the sunv of the extra nitrogens in the 
three fractions of the urine can be accidental. To the writers 
it means that the unnatural isomers are not available for 
retention when sufficient amounts of the natural ones are 
present. 

SUMMABY AND CONCLUSIONS 

In ten comparisons in human subjects of the proteins of 
whole egg, yeast, cottonseed meal, corn germ flour, beefsteak 
and haddock, with mixtures of the essential amino acids, com- 
pounded in the proportions one to another in which they occur 
in the proteins and supplying as much nitrogen as tlie pro- 
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tein, none of the mixtures possessed a biological value so high 
as that of the protein by from 10 to 40%. 

The mixtures, contained arginine, histidine and lysifte in 
the natural I (+) form and as the monohydrochloride salt. 
All the other acids isoleucine, leucine, methionine, phenylala- 
nine, threonine, trj^ptophane and valine were available in 
sufficient amounts only as the dl synthetic products. 

In two experiments based on the hypothesis that if suffi- 
cient amounts of the natural isomers of the dl forms were 
supplied the unnatural isomers would be wasted, it was pos- 
sible to duplicate closely the biological value of the proteins. 
A preliminary experiment was required to furnish data for 
calculation qf the amount of nitrogen from unnatural isomers 
which would need to be excreted and subtracted from both 
sides of the balance sheet to produce the B.V. of the protein. 
Supplying these amounts in the dl isomers in a second experi- 
ment and deducting all the nitrogen of the unnatural isomers 
from both absorbed and urinary nitrogen of the amino acid 
period gave the predicted B.V. in one experiment and ap- 
proached it in the other.® Correction in this manner for nitro- 
gen representing no nutritional synthetic value has been prac- 
tised regarding the purine compounds in beverages and would 
be in order in the case of medicinal agents or urea adminis- 
tered in the course of an experiment as a test substance for 
kidney function. The unnatural isomers in these experiments 
insofar as they escape deamination, belong to this class of 
dispensable compounds ; while insofar as they are deamiuated 
and can be recognized as contributing extra nitrogen to the 
urea and ammonia fractions of the urine, they are in the same 
class as nonessential amino acids. 

The conclusion follows, that the use of dl synthetic amino 
acids, even those of the essential group, is nutritionally un- 
economical. 

• A third experiment (periods d-iii and iv of table 1) gave the predicted B.V. 
preeiselyi but because it was based on earlier and less satisfactory analyses of the 
proteins concerned it is not reported in detail. 
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The rate of growth has usually been considered as an index 
of the nutritional value of a food. Thus, the food or foodstuff 
which promotes the more rapid growth has been considered 
to have the higher nutritive value. Schantz, Elvehjem and 
Hart (’40) originally reported that butter fat possesses a 
specific nutritive property not present in vegetable fats since 
greater growth is obtained in weanling rats over 6-week 
periods on diets of homogenized liquid skim milk and butter 
fat than when coconut, corn, cottonseed or soy bean oil was 
used in place of butter. The greater rate of growth observed 
by these investigators was always associated with a greater 
food consumption. 

Deuel, Movitt, Hallman and Mattson (’44) found no dif- 
ferences in the growth rate of weanling rats fed a mixture of 
mineralized skimmed milk powder, vitamin supplements and 

* This work was carried out under a research grant from The Best Foods, Inc. 
The authors wish to acknoivledge the helpful advice of Prof. Anton J. Carlson 
of the University of Chicago, of Prof. Arthur W. Thomas of Columbia University 
and of Br. H. W. Vahlteich of The Best Foods, Inc., during the course of the 
experiments. 
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fat, irrespective of whether butter or margarine fat, corn, 
cottonseed, olive, peanut or soy bean oil was the fat employed. 
In these experiments not only were the increases in body 
weight similar in the various dietary groups, but also bone 
growth was shown to be identical. No appreciable differences 
in food consumption were noted on the various diets. The 
specific effect of the saturated fatty acid fraction of- butter 
on growth as postulated by Sehantz, Elvehjem and Hart ( ’40) 
has not been confirmed (Henry, Kon, Hilditch and Meara, ’45; 
Jack, Henderson, Reid and Lepkovsky, ’45). Also the in- 
creased requirement of premature rats for butter fatty acids 
has been denied by Zialcita and Mitchell ( ’44) and by Deuel 
and Movitt (’45). 

It is probable that flavor plays an important role in the 
amount of food consumed and hence indirectly on the extent 
of growth. Rats were found to prefer a butter-skimmed milk 
powder diet to one in which a bland vegetable fat was em- 
ployed (Deuel and Movitt, ’44). Furthermore, with two diets 
containing the same vegetable fat, the rat prefers one to which 
diacetyl or commercial butter flavor has been added to the 
extent of 1.2 parts per million to one which is unflavored. Al- 
though differences in food consumption and in growth were 
not noted in the earlier tests (Deuhl et al., ’44) for the groups 
receiving the butter diet or those containing the vegetable 
fats, it is probable that this flavor preference may account for 
the higher food consumption with the resultant superior 
growth that has in some cases been reported on the butter 
diets where ad libitum feeding was employed. 

On artificial diets containing 48% of lactose, Boutwell, 
Geyer, Elvehjem and Hart (’44) reported a lower growth 
associated with a markedly reduced food intake when com 
oil was the fat used as compared with tests where butter was 
employed. When diacetyl was added to the corn oil, food 
consumption was slightly increased and the difference .between 
the butter and corn oil group decreased by 40%. Although 
admitting that off flavor or rancidity -will have an adverse 
effect on food consumption, these authors state : . 
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On purified diets the true explanation for the superior 
growth-promoting value of one substance over another must 
lie in the existence of specific compounds in that superior 
nutrient which results in a more favorable physiological 
response such that the animal grows at a faster rate and hence 
consumes more ration. 

In the present tests the extent of growth has been aug- 
mented by the injection of growth hormone. If any essential 
component were lacking in sufficient amount in the vegetable 
fat diets to permit such augmented growth, such a deficiency 
should then become apparent. On the other hand, the response 
of rats to diets given in amounts.insulficient for normal growth 
has also been followed in order to determine whether any 
differences in efficiency of the fat obtains under such 
conditions. 

EXPERIMENTAL 

Twenty-one-day weanling albino female rats of the Sprague 
Dawley strain were used. There were 10 rats in each group. 
In the experiments with restricted food intake, the rats were 
given a daily quota of 60% of the daily food consumption 
of control rats receiving the butter diet where ad libitum 
feeding was employed. The amount of food fed daily during 
each week, respectively, of the 9-week period of restricted 
food intake was as follows: 3.1, 4.4, 5.3, 5.6, 5.7, 6.2, 6.0, 6.2, 
and 6.2 gm. Food was given ad libitum from the tenth to 
twelfth weeks. The diets were approximately isocaloric and 
contained optimum quantities ,,f f the B vitamins, liver con- 
centrate, and fat-soluble vitamins in addition to those in the 
skimmed milk powder. The composition of the diets is re- 
corded in table 1. 

The diets employed in the hormone tests were similar in 
composition without the addition of the added vitamins to the 
skimmed milk powder. 

A gro'vvdh hormone powder prepared from the anterior 
pituitary gland which assayed 1700 rat (growth) units per 
gram was used in these experiments.* A solution was prepared 

® This was kindly furnished to us by Dr. Oliver Kamm, Parke, Davis and Co., 
Detroit, Michigan. Dr. Kamm stated that the figures for potency were based on 
the usual biological method for determination. 
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from the powder at frequent intervals by addition of an 
alkaline aqueous solution, adjustment of the pH to 8.5 and 
filtration of the undissolved material. Normal butyl alcohol 


TABLE 1 


The composition of diets used in studies where food intake 
was restricted. 


COMPONENT 


Mineralized skimmed milk powder 

1 

Added minerals (per 100 lbs.) 

Mn804-7HaO 

3.455 gm 

CuSO^-.l HaO 

3.340 gm 

re C,HA-3 H,0 

4.3.357 gm 

Added vitamins (per 100 lbs.)* 

Thin mine hydrochloride 

1.27 gm 

Riboflavin 

2.51 gm 

Pyridoxine 

1.27 gm 

Calcium pantothenate 

19.55 gm 

Choline chloride 

77.40 gm 

Liver concentrate * 

2390.00 gm 

Butter or margarine 

Added supplements per 1000 gm 

fat ^ 

Carotene 

8.6 mg 

Vitamin A concentrate “ 

142.0 mg 

Viosterol 

862.0 mg 

a-tocopherol 

10.7 mg 

Commercial butter flavor 

4.0 mg 


Vegetable oils (com, cottonseed, peanut, soy 
bean, commercial liydrogenatcd fat) 
Supplements as above 

Water 


DIET 55b i DIET 55c 


70.3 66.2 


29.7 


25.6 


8.2 


Caloric value (cal./lOO gm) 


480 476 


' Challenge spray dried powder. 

* This would give approximately the following in 10 gm of food ; thiamine 
200 Mg; ribodavin, 400 Mg; pyridoxine, 200 Mg; calcium pantothenate 3 mg; 
and choline chloride 12 mg. 

* Wilson 1 : 20 liver concentrate. This gives 0.37 gm per 10 gm food. 
^Calculated to give the following amounts jier 10 gm of food; carotene 23.5 Mg> 

vitamin A, 84.5 I.U.; vioaterol, 25.6 U.S.P. XI units; a tocopherol, 31.8 Mg. 

* Vitamin A concentrate containing 200,000 I.U. per gm. 



NUTBITIVE VALUE OF FATS 


741 


was used as a preservative in 1% concentration. Placebo 
solutions prepared in a similar manner without the growth 
hormone were used with the control groups. The solutions 
were injected intraperitoneally in 0.1 ml doses daily (6 days 
weekly). 

Two series of tests were carried out at approximately 6- 
month intervals. In the first series, which consisted of five rats 
in each group (butter, cottonseed, margarine and soy bean 
diets without and with growth hormones), all animals sur- 
vived and were in excellent condition throughout the test. In 
the second series a few of the rats in each group lost weight 
over several w'oeks after which some partially recovered. 
This occuri'od chiefly with the rats injected with hormone 
although in several instances it was found with the control 
rats. All rats of the litteiN so atfected have been dropped 
from consideration. The results on corn oil wei’o carried 
out only on the second series. 

BESULTS 

The average increases in weight of weanling I’ats receiving 
the various diets in restricted amounts during a 9-week period 
are presented in figures 1 and 2. Although weekly weighings 
were made, the averages are given only foi* the first, third, 
sixth and ninth week for the restricted period and for the 
tenth, eleventh and twelftli week during which ad libitum 
feeding was carried out. The data are for ten rats in each 
group. 

The average body weight of the groups of rals at the start 
of the tests varied from 40.7 to 42.0 gm. At the end of 9 weeks 
of the restricted diets, the average total gain of the rats 
was as follows: butter (1) 92.5 ± 3.5 gm; corn oil (2) 95.5 ±; 
3.3; cottonseed oil (3) 103.3 ± 2.5; margarine (4) 90.7 ± 0.7 ; 
peanut oil (5) 97.8 ±3.3; soy bean oil (6), 102.4 ± 2.1 and 
the commercial hydrogenated fat (7), 89.2 ± 2.4. 

There was an immediate response to the ad libitum feeding 
with a marked increase in the gi'owth rate. After the 3 weeks 
of ad libitum feeding, the total increase in weight had reached 
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the following figures: (1) 129.7, (2) 122.1, (3) 137.7, (4) 124.3, 
(5) 132.9, (6) 138.8 and (7) 124.5 gm. 

The average gains in weight of rats receiving the injections 
of growth hormone daily and the control animals are shown 
in figure 3. 



DIET RESTRICTED 1 DIET AD LIB. 


Figure 1 * Figure 2 

Fig. 1 The average gain in weight of female rats after 1 week (solid black), 
after 3 weeks (stippled), after 6 weeks (cross-hatched) and after 9 weeks (to 
top of blank space) on the diets containing the following fats and restricted in 
calories: 1, butter; 2, corn oil; 3, cottonseed oil; 4, margarine; 5, peanut oil; 
6, soybean oil and 7, a commercial hydrogenated fat. 

Fig. 2 The average total gain in weight of female rats recorded in figure 1 
for tenth to twelfth weeks only where ad libitum feeding was employed. The gain 
for the first week is in solid black, after 2 weeks (cross-hatched) and after 3 weeks 
(to top of blank space). 


GAIN IN WT., 
GMS. 



Fig. 3 The average gain in weight of female rats after 3 weeks (solid black), 
after (i weeks (stippled), after 9 weeks (cross-hatched) and after 12 weeks (to 
top of blank space) on the following diets: 1, butter; 3, cottonseed oil; 4, 
margarine; 6, soy bean oil and 2, corn oil. The experiments on diet 2 were not 
all ciirried out simultaneously with the others. The columns marked < ‘ H ^ ^ at the 
top are for the rats injected with growth hormone throughout anfi the other 
column w^as for the placebo-in jected^controls. 
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The average food intake and the relative efficiency of the 
food in the building of body tissue are summarized in table 2. 

The relative efficiency in the utilisation of the ingested food 
(gain in 'weight X 100: cal. consumed) is markedly higher 
in all cases where the growth hormone was administered. The 
increased efficiency (in per cent) in the groups injected with 
growth hormone as contrasted with the placebo-injected con- 
trols, was as follows: butter diet, 18.5; cottonseed oil diet, 
23.8; margarine diet, 22.3; soy bean oil diet, 14.6; corn oil 
diet, 29.0. 

TABLE 2 


Summary table showing average gain in weighty average food consumption 
and ratio of increase in weight to calories consumed. 


FAT IN DIET 

. 

1 NUMBER 

1 OF RATS 

TOTAI* GAIN 
IN WEIGHT 

TOTAIiFOOD ' 
OOMSUMEiD 

TOTAU 

CATX>RTES 

CONSUMED 

EFFICIENCY ^ 



0m 

gm 




Rats 

receiving placebo injection 



Butter 

30 

169,7 

712.8 ; 

3420 

4.97 

Cottonseed 

i 10 

367.0 

755 8 i 

3590 

4.65 

Margarine 

1 7 

158.1 

717.4 I 

3410 

4.63 

Soybean 

' 9 

159.9 

683.8 1 

3260 

4.92 

Com 

! 9 

142.1 

668.2 ! 

33 75 

4.47 


Bats receiving 10 units of growth hormone daily 


Butter 

, 9 

201.3 

711.3 , 

3415 

5.89 

Cottonseed 

I 9 

208.6 

1 763.0 

3625 

5.76 

Margarine 

! 8 

197.4 

: 734.7 

3490 

5.66 

Soybean 

1 ^ 

211.0 

786.9 ; 

3740 

5.64 

Corn 

1 9 

194.4 

710 3 ’ 

3.375 

5.77 


^ Gm in^ease in -weight w -i aa 
C al. consumed 


DISCUSSION 

No appreciable variation in the limited rate of growth of 
rats was found over a 9-week period irrespective of whether 
the skimmed milk diet contained a butter, a margarine, a 
commercial hydrogenated fat, or corn, cottonseed, peanut, 
or soy bean oil. Moreover, during a 3-week period of ad 
libitum feeding following the restricted period, the response 
of the rats by increased growth was immediate in all cases. 
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There is no indication from these tests that inclusion of 
butter in low calorie diets gives any superior response to 
that of vitamin-fortified vegetable oils, a margarine or a com- 
mercial hydrogenated fat. 

In the experiments where growth hormone was injected, 
it was found that all groups were able to respond by an in- 
creased growth. The actual increase in growth in the corn 
oil tests (52.3 gm) was greatest in percentage although a simi- 
lar response was obtained with the soy bean group (51.1 gm) 
while the increase in the butter group was only 31.6 gm. The 
somewhat lower gain in weight of the corn oil control group 
is probably to be ascribed to the fact that the experiments 
were carried out on only the second series of tests while with 
the. other fats the tests were made with both series. The 
growth of the rats in all groups was lower in the second 
series of tests. 

Although no appreciable variation was noted in the eflSciency 
with which the different diets were utilized in the control 
tests, there was in all cases an increase in the efficiency of the 
utilization of the diets in the hormone-injected rats. The 
energy value of the injected hormone preparation itself was 
insig-nificant. If one assumes that 50% of the solids were 
present in the final solution as well as 1 mg of butyl alcohol 
in the daily quota, this would account for a maximiun of 11 
cal.; this quantity is inappreciable in comparison with the 
total caloric intake over the 84-day period which approxi- 
mated 3500 cal. This increased efficiency in the hormone- 
treated rat is in line with the earlier results of Lee and 
Schaffer (’34) and of Marx et al. (’41- ’42) who reported 
greater growth with an identical calorie intake. 

It is our opinion that an excellent method to test the nutri- 
tive value of a diet is by its ability to support the additional 
growth occasioned by the injection of growth hormone. If 
the diet is inadequate, not only would one expect little addi- 
tional growth on the injection of the hormone but also one 
might expect dietary failure sooner. Such a result has been 
reported by Ershoff and Deuel (’45) where a shorter length 
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of life obtained in rats deficient in vitamin A when hormone 
was injected than in the untreated controls. On the other 
hand, when vitamin A was also administered along with the 
basal diet, the growth was greater than in groups of rats 
on a similar intake of vitamin A without the growth hormone. 
The fact that a marked response to the growth hormone 
resulted in all groups in the present experiments would 
indicate that the diets were nutritionally satisfactory. This 
augmented dietary requirement can be as readily satisfied by 
vegetable fats as by butter. 

SUMMABY 

When rats were fed diets of mineralized skimmed milk 
powder and vitamin-fortified fats at a level of 60% of the 
ad libitum intake over a period of 9 weeks following weaning, 
the rate of growth was identical irrespective of whether the 
fat employed was a butter, a margarine, a commercial hydro- 
genated fat, or corn, cottonseed, peanut or soy bean oil. 
Moreover, there is no indication that differences exist in the 
ability of the rats to respond with increased growth during a 
3-week period of ad libitum feeding following the period of 
restricted food intake in any dietary groups. 

When growth hormone was injected, the augmented growth 
was as great or greater with the rats receiving the vegetable 
fat diets as with those receiving the butter diet. Since not 
only does increased growth not occur when growth hormone 
is injected in rats receiving dificient diets (i.e., vitamin A- 
free) but also the period of survival is decreased, the present 
results are interpreted as indicating that the various vegetable 
fats and margarine have an ability equal to butter in support- 
ing such added growth requirements. 

Wlien growth hormone was injected, a greater efficiency in 
the utilization of the foodstuffs for growth was found. 
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ONE FIGURE 

(Received for publication January 14, 1946) 

In the first report of the present series of papers (Deuel, 
Movitt, Hallman and Mattson, ’44) it was shown that no dif- 
ferences occurred in the rate of growth of male or female 
rats fed on diets of unextractod mineralized skimmed milk 
powder and vitamin-fortified fats irrespective of whether a 
butter, a margarine or coni, cottonseed, olive, peanut or soy- 
bean oil was the fat employed. In the original paper of 
Schantz et al. (’40), where the most decisive ditferences be- 
tween the butter and vegetable fai groups were reported, un- 
extracted liquid skimmed milk was used. In their later tests 
(Boutwoll et al., ’43) skimmed milk powder was used which 
had been extracted with diethyl ether for four 8-hbur periods 
during which it was subjected to constant agitation. 

In an editorial discussion on the nutritive value of butter 
fat (Anonymous, ’44), a possible explanation was offered 

^ TbiB work was carried out under a research grant from The Best Foods, Inc. 
The authors wish to acknowledge the helpful advice of Prof. Anton J. Carlson 
of the University of Chicago, of Prof. Arthur W. Thomas of Columbia University 
and of Dr. H. W. Vahlteich of The Best Foods, Inc., during the course of the 
experiments. 
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for the divergent results of the Wisconsin group and those 
of Deuel et al. (’44), namely, that the vegetable oil diets in 
the latter tests actually contained some butter fat since the 
skimmed milk powder used had 1.1% of residual fat. Boutwell 
et al. ( ’45) have also recently made a similar implication when 
they state that “ . . . Deuel et al. (3, 4, 5) fed weanling rats 
an unextracted skimmilk powder ration ...” 

The amount of residual fat available to the rat from the 
unextracted skimmed milk powder seems far too small to be 
of consequence. Based on an average daily food intake of 10 
gm, the total butter fat from the skimmed milk powder con- 
taining 1.1% lipid would amount only to 77 mg. This would 
give a maximum of 28 mg of saturated fatty acids of the frac- 
tion (Ci«-C 2 o (Jack et al., ’45) ), which consists of palmitic and 
stearic acid. This is the fraction of butter which is considered 
by Schantz, Elvehjem and Hart ( ’40) to contain the fatty acids 
having the specific nutritive value. It is difficult to see how in 
addition to palmitic and stearic acids, there could be any ap- 
preciable quantity of hitherto unidentified fatty acids in suffi- 
cient amount to result in any improvement in the nutritive 
value of the diet. The optimum quantity of methyl linolate 
required for growth is probably about 100 mg daily.® It 
should also be mentioned that Jack et al. (’45) and Henry 
et al. (’45) have failed to demonstrate any specific nutritive 
value in this saturated fatty acid fraction of high molecular 
weight or in any other fraction of butter fat. 

The present tests were designed to determine how com- 
pletely fat could be removed from skimmed milk powder by 
the treatment employed by Boutwell et al. (’43) and also to 
ascertain whether under the experimental conditions which we 
have employed any differences would be observed in the 
growth of weanling rats fed such extracted skimmed milk 
powder combined with a butter, or a margarine or the vege- 
table fats instead of the unextracted product combined with 
these fats. 

* Personal communication from- Dr. G. O. Burr. 



NUTRITIVE VALUE OP PATS 


749 


METHODS AND RESULTS 

Experiments on extraction of fat from skimmed 
milk powdfir 

In order to determine the effectiveness of diethyl ether in 
removal of the fat, approximately 700 gm of skimmed milk 
powder® was suspended in 3,000 ml of redistilled U.S.P. 
diethyl ether and vigorously agitated for 8 hours with a large 
paddle operated by an air stirrer so that the solid was kept in 
suspension. The ether was filtered off, the skimmed milk 
powder suspended in fresh ether, and the procedure repeated 
eight times. Samples of the skimmed milk powder were 
analyzed after each extraction by the Roese-Gottleib pro- 
cedure. In one series the fat removed in the ether was also 
determined in each case. Extraction was also carried out 
with diethyl ether in a special Soxhlet apparatus * for three 
successive 24-hour periods followed by two 24-hour extrac- 
tions with 95% ethyl alcohol. A combined diethyl ether-ethyl 
alcohol extraction over 48 hours was also used. The results 
are summarized in table 1, 

In the tests recorded in table 1, only 12, 26 and 31 % of the 
fat were removed by four successive 8-hour extractions with 
diethyl ether. Even after eight extractions of the skimmed 
milk powder, only 21, 38, and 48% were removed in different 
tests. This value almost exactly coincides with that found by 
72 hours of continuous extraction of the skimmed milk powder 
on the Soxhlet apparatus usings diethyl ether. A further ex- 
traction with warm ethyl alcohol also in the Soxhlet apparatus 
reduced the residual fat to as low as 0.35%. The most 
effective and quickest removal of fat would seem to be by 
the combined simultaneous extraction on the Soxhlet with 
alcohol and ether. After 48 hours extraction on the Soxhlet 
apparatus, the fat was reduced to 0.29%. 

The ineffectiveness of diethyl ether as an extraction agent 
is further indicated by the results obtained on different 

’Challenge spray dried skimmed milk powder was used. 

’A specially built Soxhlet having an extraction chamber of 4-liter capacity 
built by Mr. E. Greiner was used. 
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batches of extracted skimmed milk powder used in the feeding 
tests. The residual fat content was found to be 0.84, 0.77, 0.70 
and 0.61% in four different lots compared with a value of 
0.87 % in the unextracted sample. 


TABLE 1 

The effectiveness of continuous stirring with diethyl ether and of Soxhlet ex- 
traction with ether, alcohol or an alcohol-ether mixture in removing lipid from 
shimmed milh powder. 


AIR STIRRER ( DIETHYL ETHER) 


SOXHLET 


Fat content 


Residual fat content 


Time 

of 

extrac- 

tion 

1 1 

1 Sample 1 

1 Residual 

1 

Sample 2 
Residual 

i Sample 3 

Time 

1 of 
extrac- 
> tion 

Solvent 

, Sample 1 

Sample 2 

Sample 3 

! 

Residual 

Ex- 

tracted 

houra 

j % I 

I ^0 

! ^0 


1 houTa 


% 

% 

% 

0 

! 1.01 

; 1.01 

1.00 







8 

0.94 

0.01 j 

1 0.93 

0.046 

24 

Ether 

0.90 

0.96 


36 

‘ 0.86 

0.93 i 


0.039 

: 48 

Ether 

0.91 

0.81 


24 

! 0.88 

0.78 I 

0.92 

0.032 

72 

Ether 

0.84 

0.78 


32 

! 0.75 

0.70 i 

0.88 

1 0.027 






40 

! 0-74 

1 0.71 1 

0.84 

0.018 1 

24 

Alcohol * 

0.45 

0.54 


48 

i 0.73 

0.66 ] 

0.82 

0.020 

48 

Alcohol 1 

I 0.35 

0.56 


56 

1 0.67 

0.60 : 

0.80 

1 0.015 

24 

Alcohol- , 



0.34 


j ' 

1 


I 


ether * ! 




64 

0.63 ; 

0.53 ! 

0.79 

0.015 

48 

Alcohol- 



0.29 


1 



1 

1 


ether j 




Total 

1 

1 

1 

i 

i 

1 

0.212 

1 

i 

I 1 





‘ Ether extraction for 72 hours followed by alcohol extraction. 

“ Alcohol -ether mixture used of such proportions so that ether would fill approxi- 
mately half of the extracting chamber. The alcohol would then be distilled over 
to fill the chamber to the xioint of siphoning giving a 1 : 1 mixture of the solvents 
at that time. 


Feeding experiments with diets made vp of extracted 
shimmied mUk powder and different fats 

Feeding experiments were made with weanling male and 
female rats on diets of extracted skimmed milk powder to 
which was added a butter, a margarine, or corn, cottonseed, 
peanut or soybean oil. The diets and other experimental 
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procedures were the same as those in our original experiments 
(Deuel et al., *40) except that rats of the Sprague Dawley 
strain were used. Ten rats were us^d in each group. The 
gains in weight at 3, 6, 9, and 12 weeks are given in figure 1 
and a summary of the data on efficiencies of the various diets 
is reported in table 2. 


GAIN IN V/T., 
SOOlOMS. 

2S0 

200 


150 


100 


50 




MALES 





FEMALES 


Fig. 1 The average gain in weight of male and female rats for 3 weeks (lower 
blank space), 6 weeks ( stippled), 9 weeks (cross-hatched) and 12 weeks (upper 
blank space) is given for the following diets: 1, butter; 2, corn oil; 3, cottonseed 
oil; 4, margarine; 5, peanut oil; 6, soybean oil. 


No differences in the rate of growth or in the total gain 
were noted in the diets with extracted skimmed milk powder 
irrespective of whether the fat lised was a butter, a margarine 
or corn, cottonseed, peanut or soybean oil. The efficiency 
of utilization of the foodstuffs is the same within experimental 
error in all cases. 


DISCUSSION 

The divergent results obtained by Deuel et al. ( ’44) and 
Boutwell et al. (’43) cannot be ascribed to the use of un- 
extracted skim milk powder by the former investigators. 
The extraction procedure on the skimmed milk powder em- 
ployed by the latter group (diethyl ether for four successive 
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8-hour periods) removes only a small fraction of the total 
residual lipids in the milk powder. In addition, using a similai- 
strain of rats employed by the Wisconsin group, it was shown 

TABLE 2 


The food consumption and efficiency of utilization of diets of mineralized- 
extracted sTcimmed milk powder with different fats when fed to rats over a IS -week 
period, ' 


DIBT 

BODY WEIGHT 

TOTAL 
GAIN ' 

TOTAL 

FOOD 

TOTAL 1 
('ALORTES 

1 

1 

EFFICI- 
ENCY - 

Start 

End 


gm 

gw. 

gm 

gm 





Male rats 




Butter 

42.5 

328.1 

285 6 

968.9 

4.54.1 , 

6.28 




± 5.5 


i 


Corn oil 

42.6 

322.2 

278.9 

987.6 

4635 

6.02 



(9) 

±: 5.4 




Cottonseed oil 

42.1 

323.6 

281..6 

972.2 

4560 1 

6.10 




±66 


! 


Margarine 

42.4 

311.1 

268.7 

929.1 

43.)7 

6.17 




± 3.4 




Peanut oil 

42.1 

325.7 

284.3 

979.2 

4600 

6.19 



(9-) 

± 5.9 




Soybean oil 

42.1 

331.7 

289.4 

1 999.4 

4688' : 

6.18 




± 5.9 

1 





Female rats 



* 

Butter 1 

42.8 1 

206.2 

163 4 

* 732.7 

! 3436 , 

4.7.5 




± 6.7 


j 


Corn oil 

43.3 

211.8 

168.5 

768 1 

i 3602 

4.68 




± 4.8 




Cottonseed oil 

42.6 

215.3 

172.7 

795.2 

3729 

4 62 




± 5.8 




Margarine 

43.9 

195 0 

151.1 

744.0 

, 3489 

4.33 




±7.5 




Peanut oil 

43.3 

204 2 

160.9 

788.5 

3698 

4.34 


1 : 


± 3.9 


1 


Soybean oil 

1 42.9 

210.3 

167.4 

i 807.0 

j 3788 

4.42 


1 


±4.6 

1 




‘ Tiieluding the standard error of the mean calcula-ted as follows; 

V-^/ Vn 

where ‘^d’^ is the deviation from the mean and is the number of obsers’ations. 

•Ratio of 

cal. consumed 
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that no differences in the rate of growth occur between butter 
and the vegetable fats when extracted skimniilk powder is 
used. 

SUMMAHY 

Residual fat is removed from skimmed milk powder only to 
the extent of 12 to 31% by four successive 8-hour extractions 
with diethyl ether and to 21 to 48% when extraction is con- 
tinued for four additional 8-hour periods when the mixture 
is constantly agitated. Continuous extraction for 72 hours 
with diethyl ether on a Soxhlet apparatus removes about 
20% of the residual lipids wliile extraction with ethyl alcohol 
resulted in a lowering of 35% of the original content. The 
most effective extraction was made by simultaneous extrac- 
tion with alcohol and ether. 

No differences in rate of growth or in the total ultimate 
gain in weight over a 12-week period was observed when 
weanling male or female rats were fed extracted skimmed 
milk poAvder mixed with fat, irrespective of whether a butter 
or a margarine or corn, cottonseed, peanut or soybean oil 
was the fat used. 


LITERATUBE CITED 

Anonymous 1944 Nutritive value of butterfat. Nutrition Reviews, vol. 2, p. 2(17. 

Boutweix, R. K., R. P. Geyer, C. A. Elvehjem and E. B. Hart 1943 Further 
studies on the growth -promoting value of butter fat. .1. Dairy Sci., 
vol. 26, ]). 429. 

Deuel, H. J., Jr., E. Movitt, L. F. Hallman and F. Mattson 1944 Studies 
on the comparative nutritive value of fats. I. Growth rate and ef- 
ficiency of conversion of various diets to tissue, J. Nutrition, vol, 
27, p. 107. 

Henry, K. M., S. K. Kon, T. P, Hilditch and M. Ti. Meara 1945 Comparison 
of the growth-promoting value for rats of butter fat, of margarine 
fat and of vegetable oils. J. Dairy Res., vol. 14, p, 45. 

Jack, E. L., J. L. Henderson, D. F. Reid and S. Lepkovsky 1945 Nutritional 
studies on milk fat. II. The growth of young rats fed glyceride frac- 
tions separated from milk fat. J. Nutrition, vol. 30, p. 175. 

ScHANTZ, E. J., C. A. Elvehjem and E. B. Hart 1940 Tlie comparative nu- 
tritive value of butterfat and certain vegetable oils. J. Dairy Sci., 
vol. 23, p. 181. 




THIAMINE, RIBOFLAVIN, NICOTINIC ACID, 
PANTOTHENIC ACID AND ASCORBIC 
ACID CONTENT OF RESTAURANT 
FOODS ' 
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Department of Chenmtry, Oregon State College, Corvallis, Oregon 

(Received for publication December 17, 1945) 


The vitamin content of the human dietary has been the 
subject of considerable study and speculation within recent 
years. Indirect information is obtainable from the analysis 
of vitamins in uncooked foods (Waisman and Elvehjem, ’41; 
Cheldelin and Williams, ’42). More direct studies have re- 
ported cooking losses and vitamin contents in foods prepared 
under controlled conditions which might be duplicated in 
household practice (Lane, Johnson and Williams, ’42; Chelde- 
lin and Williams, ’43; Mclntire, Schweigert and Elvehjem, 
’43; Oser, Melnick and Oser, ’43). 

Similar investigations of foods eaten in restaurants and 
in various institutions have emphasized the losses incurred 
during preparation and service of foods (Eakin and Gerrard, 
’43; Heller, McCay and Lyon, ’43; Nagel and Harris, ’43; 
Peterson, ’44; Wertz and Weir, ’44; Koch et al., ’45). Less 
information has been published, however, regarding the 
amounts of B vitamins which are actually available to the 

’This study was supported by the Nutrition Eoundation, Inc., and by the 
Committee on Food Composition of tbe National Research Council. 

Published with the approval of the Monographs Publication Committee, Ore- 
gon State College, Research paper no. 100, School of Science, Department of 
Chemistry. 

^Present address: Tulane UaWersity School gf Medicine, New Orleans, Louisiana, 
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restaurant-going public. The present work was undertaken 
for this purpose, as well as to compare the vitamin contents 
of foods from different grades of restaurants. , It includes 
analyses for the thiamine, riboflavin, nicotinic acid, pantothenic 
acid and ascorbic acid contents of foods obtained from three 
Corvallis establishments representing three price groups. 

This study is not extensive. Only one sample of each food 
was analyzed, and no figures on the variation among samples 
are available. The data, however, give no evidence of impor- 
tant differences in the vitamin contents of foods from the 
three restaurants, and show that adequate vitamin intakes 
may be obtained by judicious selection of meals, 

EXPERIMENTAL 

The foods for analysis were obtained from each restaurant 
at mealtime, so as to secure samples as served. They included 
foods comprising the regular meals as well as several popular 
a la carte items such as sandwiches, chili, etc. Individual serv- 
ings of each item were immediately brought to the laboratoiy, 
where they were weighed and homogenized with several vol- 
umes of water in a Waring blendor to obtain representative 
samples. 

Thiamine and pantothenic acid assays were performed on 
enzymatically digested samples, using Lactobacillus fermenti 
for thiamine (Sarett and Cheldelin, ’44) and Lactobacillus 
arabinosus for pantothenic acid (Hoag, Sarett and Cheldelin, 
’45). Samples for riboflavin analyses were autoclaved with 
0.1 N HCl for 15 minutes (Strong and Carpenter, ’42) and as- 
sayed by the method of Snell and Strong (’39), using addi- 
tional amounts of glucose and acetate in the medium as 
suggested by Stokes and Martin (’43). For nicotinic acid 
analyses, aliquots were autoclaved for 30 minutes in 1 
N H2SO4, and assayed by the microbiological method of 
Sarett, Pedersen and Cheldelin (’45); The foods analyzed 
for ascorbic acid were blended with seven volumes of 1% 
metaphosphoric acid and assayed by the 2,6-dichloropheuo- 
lindophenol method of Loeffler and Ponting ( ’42). In the first 
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groups of foods studied, ascorbic acid analyses were carried 
out on most of tlie samples collected. Since most of the cooked 
foods contained less than 10 \ig per gm, subsequent analyses 
were performed only on fruits, juices and some of the vege- 
tables. 

RESULTS 

Values for the thiamine, riboflavin, nicotinic acid, panto- 
thenic acid, and ascorbic acid content of the foods from the 
three restaurants are presented in tables 1, 2, and 3 in terms 
of micrograms or milligrams per individual portion. Restau- 
rant A (table 1) is a hotel coflPee. shop, which represents a 
“better class” establishment in a small town; B (table 2) is 
a modei'ate restaurant which caters to campus personnel, and 
C (table 3) serves food lower in price and of seemingly poorer 
quality. The sampling of all three restaurants was performed 
during 1944 and 1945, when rationing may have had some 
influence ujpon the qualitj’^ of foodstuffs obtainable. No 
marked differences were found among the vitamin contents 
of the foods served at the three restaurants. 

Since each of these menus represents the food served at 
one particular meal and affords many different meal com- 
binations, only approximate estimates may be made of an 
individual’s vitamin intake at each restaurant. Also, food 
consumption at breakfast varies greatly, and individual likes 
and dislikes for certain food items (particularly bread) may 
influence the values obtained. At restaurant A the approxi- 
mate ranges of intake of thiamine, riboflavin, nicotinic acid, 
and pantothenic acid for the various daily combinations of 
meals possible are 0.6-1.8, 1.4— 2.3, 8-26 and 3.6-8.3 mg, 
respectively. For restaurant B these figures are 0.9-1.8, 
1.2-2.1, 10-25, and 4.2-10.3 mg, respectively. At C the com- 
parable amounts of the vutamins are 0.7-2.5, 0.7-2.7, 8-30, and 
3.1-18 mg, respectively. 

The thiamine intake obtainable from a varied diet at these 
restaurants tends to be lower than the value of about 1.5 mg 
per day, recommended by the Pood and Nutrition Board of 
the National Research Council (’45), unless some of the thia- 
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vooon 

WaiGKT 


aiBO* 

VnAVIN 

}>ANTO- 

Tsanio 

Aom 

ASOOBBXh 

AOlX» 


pm. 

ftp 

ftp 

ftp 

ftp 

mp 



Breakfast 




Tomato juice, canned 

175 

60 

1800 

37 

350 

35 

Orange juice, fresh 

170 

153 

660 

41 

257 

102 

Figs, canned 

108 

11 

200 

15 

75 


Applesauce, canned 

113 

34 

40 

12 

113 


Grapefruit, canned 

167 

80 

310 

17 

no 

30 

Prunes 

Cream of wheat, 

140 

14 

64 

41 

195 

3 

with cream 

365 


438 

114 

597 


Oatmeal with cream 

360 

338 





Pep 

32 

190 

1150 

35 

150 


Post Toasties 

31 

68 

326 

16 

62 


Cream for cereal 

120 

24 

108 

90 

385 


Fried egg (1) 

47 

36 

45 

165 

850 


Scrambled egg <1) 

52 

40 

36 

160 

1190 


Boiled egg (1) 

47 

36 

35 

150 

940 


Sausage 

70 

450 

3400 

260 

980 


Ham 

41 

310 

1900 

125 

450 


Bacon 

20 

52 

900 

60 

335 


Waffle (1) 

71 

100 

960 

185 

385 


Hot ciahes (3) 

219 

240 

2300 

370 

100 


Toast, 2 slices 

46 

22 

460 

28 

130 


Doughnuts (2) 

81 

40 

630 

40 

315 




Lunch 





Macaroni and cheese 
Sirioin tips. 

186 

74 

610 

315 

407 


with vegetables 

230 

69 

4840 

345 

505 

10 

Hamburger 

103 

41 

4950 

206 

392 


Salmon, canned 

Short ribs of beef, boiled. 

112 

5 

6280 

168 

426 


(183 gm with bones) 

90 

15 

2880 

144 

135 


Potatoes, mashed 

84 

42 

680 

45 

296 

0 

Mixed vegetables — turnip. 






onion, carrot 

182 

36 

1055 

76 

310 

3.6 

String beans 

75 

23 

270 

56 

53 

0 

Potato salad 

111 

33 

880 

58 

520 

0 

Gelatin salad 

60 

10 

90 

23 

42 

0 

Chili, bowl 

260 

143 

2860 

197 

364 

7 

Bread, 2 slices 

52 

25 

400 

28 

140 


Milk, individual bottle 

240 

132 

168 

500 

1000 




Dinner 





Bice tomato soup 

Peach and cottage 

175 

10 

470 

26 

88 

1.5~ 

cheese salad 

Ham, baked with 

83 

10 

250 

100 

100 

1 

pineapple 

81 

610 

2200 

137 

420 


Chicken pot pie 

Veal loaf, baked 

156 

94 

4370 

156 

470 


146 

146 

4100 

340 

890 


Halibut, grilled 

120 

no 

9100 

100 

390 


Link sausage 

93 

510 

2320 

150 

450 


Potato, boiled 

101 

60 

570 

22 

300 

7 

Corn, whole kernel 

71 

16 

500 

37 

210 

3 

Shrimp Newberg 

Crab Louie 

176 

275 

79 

165 

780 

1200 

210 

220 

769 

1800 


BoUs <2) 

67 

124 

1540 

167 

210 


Peach pie 

187 

205 

2170 

93 

225 


Apple pie 

138 

180 

1300 

77 

165 


O^e, white 

73 

22 

170 

62 

220 



75g 




TABLE 2 


The vitamin contents of foods served in restaurant B. 


FOODS 

WEIGHT 

THIAMINE 

NICOTINIC 

ACID 

BIBO- 

FDAVIN 

PANTO- 

THENIC 

ACID 

ASCOBBIC 

ACID 


gm 

g-ff 

go 

gg 

go 

mg 


Breakfast 


Tomato juice, canued 

188 

150 

1220 

28 

325 

47 

Orange juice, fresli 

193 

280 

830 

33 

465 

110 

Grapefruit juice, canned 

181 

132 

235 

16 

200 

48 

Prunes 

119 

6 

715 

20 

200 

0 

Cereal, Balaton type 







and cream 

275 

146 

2100 

173 

600 


Corn flakes 

33 

220 

600 

15 

56 


Bran flakes, 40% 

33 

220 

3100 

51 

290 


Pried egg (1) 

48 

57 

36 

70 

1420 


Poached egg (1) 

54 

75 


79 

1170 


Bacon 

15 

114 

1100 

30 

225 


Waffle (1) 

105 

160 

1450 

140 

800 


Hot cakes (3) 

215 

290 

2800 

175 

1270 


Toast, 2 slices 

50 

133 

410 

23 

152 




Lunch 





Celery soup 

200 

42 

200 

230 

920 


Meat pie 

207 

75 

6300 

310 

750 


Potatoes, mashed, 







and gravy 

101 

73 

1100 

70 

350 

0 

Green peas 

85 

40 

700 

48 

102 


Spanish corn 

147 

57 

1250 

75 

300 


Spinach 

119 

**5 

580 

130 

70 


Turnips, creamed 

101 

27 

300 

30 

170 


Salad, carrot and 







cabbage 

110 

10 

210 

27 

310 

8 

Apple pie 

129 

85 

890 

65 

130 


Custard pie 

138 

27 

480 

193 

1300 


Hamburger sandwich 

140 

10^ 

3980 

137 

500 


Milk, individual bottle 

240 

86 

168 

370 

960 




Dinner 





Cream of potato soup 

210 

105 

900 

245 

710 


Swiss steak 

95 

65 

4750 

145 

350 


Dinner steak, rare 

116 

130 

6000 

185 

830 


Cauliflower 

57 

49 

305 

74 

350 


String beans 

70 

28 

155 

30 

45 


Potatoes, mashed. 







and gravy 

98 

83 

1420 

45 

340 


Cottage cheese salad 

96 

35 

71 

182 

200 


Bhubarb pie 

152 

213 

1530 

110 

190 


Cake, chocolate 

67 

14 

215 

35 

135 


Ham sandwich, cold 

126 

315 

2950 

230 

655 
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mine rich foods are consumed regularly. Thiamine is readily 
lost in cooking (Lane, Johnson and Williams, ’42; Nagel and 
Harris, ’43) and the interval between cooking and service may 
also contribute to further losses (Nagel and Harris, ’43). 

The riboflavin level in these diets is influenced considerably 
by the amount of milk consumed. The inclusion of one glass of 
milk per day with an average diet at these establishments 

TABLE 8 


The vitamin contents of foods served in restaurant C, 


FOODS 

WEIGHT 

THIAMINS 

NICOTINIC 

ACID 

RIBO- 

FLAVIN 

PANTO- 

THBNIO 

ACID 

ASCORBIC 

ACID 


gm 

gg 

gg 

gg 

gg 

mg 


Breakfast 


Tomato juice, canned 

167 

70 

1500 

43 

234 

25 

Orange juice, canned 

195 

154 

515 

53 

350 

58 

Oatmeal and cream 

263 

258 

445 

180 

640 


Fried egg (1) 

42 

63 

61 

128 

1565 


Ham 

55 

300 

5100 

204 

990 


Bacon 

31 

195 

1750 

58 

255 


French toast 

125 

183 

1330 

332 

1100 


Doughnuts 

78 

90 

515 

94 

300 . 



Lunch and 

dinner 




Vegetable soup 

132 

30 

570 

25 

185 

11 

Meat loaf 

244 

180 

2500 

178 

810 


Hamburger 

126 

176 

6500 

272 

960 


Wieners and sauerkraut 

151 

74 

1620 

92 

440 


Bed snapper 

129 

135 

3640 

166 

465 


Pork steak 

141 

815 

2900 

271 

830 


Salmon 

103 

120 

6700 

128 

710 


Sausage 

83 

480 

2020 

155 

550 


Oysters, fried 

152 

595 

3800 

284 

1450 


Liver 

113 

400 

12400 

455 

8000 


Potatoes and gravy 

99 

68 

740 

52 

297 

6 

Turnips 

89 

62 

545 

23 

115 

0 

Vegetable salad 

70 

58 

142 

34 

112 

5 

Bread, 2 slices 

49 

115 

1360 

90 

202 


Pumpkin pie 

106 

61 

335 

’ 188 

550 


Berry pie 

137 

42 

490 

41 

252 


Hpt beef sandw’ieh 

193 

340 

5150 


870 


Milk, individual bottle 

237 

111 

152 

520 

1070 
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allows sufficient daily riboflavin intake to satisfy the National 
Besearch Council’s recommendations of 1.6-2.0 mg (’45). 

The nicotinic acid content of these diets, in most combina- 
tions, also meets the allowance of 12-15 mg per day recom- 
mended by the National Research Council (’45). In addition 
to the nicotinic acid figures shown above, as much as 1 mg 
per cup of coffee (which was not included in the present analy- 
ses) may be added to the intake (Teply, Krehl and Elvehjem, 
’45) if it is assumed that the materials in coffee which stimu- 
late the growth of L. arabinosus possess antipellagric value. 

Since the human requirements for pantothenic acid are not 
known, the values given for this vitamin cannot be inter- 
preted at present. 

The recommended daily intake of 75 mg of ascorbic acid 
(National Research Council, ’45) can only be met in all three 
restaurants by frequent consumption of orange juice. The 
only respect in which restaurant C appears to be inferior to 
the others is in its use of canned orange juice, which is lower 
in ascorbic acid than fresh orange juice. The extreme lability 
of ascorbic acid makes restaurant salads and cooked vege- 
tables a poor source of this vitamin. This is particularly evi- 
dent in the variable values of 0 to 7 mg for different portions 
of potatoes. 

SUMMARY 

Single portions of food served for each meal at three res- 
taurants were analyzed for thiamine, riboflavin, nicotinic acid, 
pantothenic acid, and ascorbic acid. Although the food served 
by the three restaurants varied with respect to cost and 
attractiveness as served, there were no marked differences 
in the vitamin content. 

From estimates of daily food intake, it was calculated that 
riboflavin and nicotinic acid requirements were readily met 
by varied diets in all three restaurants. Thiamine intake on 
these diets were equal to the recommended daily allowances, 
if care was taken in the selection of foods. Judging from the 
data obtained ascorbic acid requirements could be maintained 
only by the inclusion of fresh fruit juices. 
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The vitamins most readily lost in cooking- and handling 
of restaurant foods were thiamine and ascorbic acid. 
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THE COMPAEATIVE VALUE OF CEETAIX 
DIETARY PROTEINS FOR HEMOPOIESIS 
IN THE RAT' 


.TAMES M. ORTEN AND ALINE UNDERHILL ORTEN 

Dfpartmvnt of Physiol offical Chemistry, Wayne VniversHy 
College of Medlnne, Detroit 

(Keeeivecl for publication January 24, 1946) 

Tliori* is ade<iuate evkleucf* demonstrating that, altliougli 
hemoglobin formation has a “high priority call” on avail- 
able protein in the organism, the feeding to tlie rat of a diet 
containing either an inadequate amount of dietary protein 
(Orten and Orten, ’43; Meteotf, Favour and Stare, ’4.3) or a 
qualitatively incomplete protein (Hogan, Powell and Ouer- 
rant, ’41 ; Harris, Neuberger and Sanger, ’43; Albanese, Holt, 
Kajdi and Frankston, ’43; and Orten, Bourque and Orten, 
’45) will result in the development of a mild to moderate 
chronic anemia. Other investigations have shown the need 
of an adequate quantity of dietary protein for satisfactory 
hemojToiesis in the dog (Sturgis, and Farrar, ’35; Hahn and 
"Vyiiipple, ’39) and in man (Bethel, ’36; Leverton, McMillan 
and Peters, ’44). 

The problem of the comparative value of different commonly 
consumed dietary proteins for hematopoiesis is raised by the 
foregoing studies. The scanty information on this subject 
in the literature is open to criticism because of short feeding 
periods and errors introduced by the utilization of stored or 
tis.sue protein. In order to completely control this factor, it 

* Aided by a tyrant from the Griffith Laboratories, Chicago, Illinois. 

Preliminary reports appeared in the Federation Proceedings, voL 2, p. 67 (^43) 
and vol. 3, p. 95 (^44). 
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appears necessary that the protein to be evaluated must be 
the only protein the test animal has ingested for a very long 
period of time, preferably since weaning. The present study 
was undertaken with this object in mind and the rat was 
selected as the test animal for obvious practical reasons. 

The proteins lactalbumin, casein, dried skim milk, <iried 
beef blood, and a mixture of dried skim milk and dried beef 
blood were used. These were fed at both an 18% and a 2.8% 
protein level to groups of weanling rats. The low-protein 
level was used to exaggerate possible slight differences be- 
tween proteins which might not be evident at a higher level. 
Body weights were followed simultaneously so that a compari- 
son of the value of the proteins for somatic growth as well 
as for hemoglobin formation was possible. After the animals 
had been on the experiment for approximately 200 days the 
hematopoietic value of the various proteins was determined 
by another technique, that of recovery from a standardized, 
hemorrhagic anemia. 


PROCEDITBE 

Male and female rats of the Connecticut Agricultural Ex- 
periment Station strain, weighing from 40 to 50 gm at wean- 
ing, were used. They were housed in individual, wido-meah 
bottom cages. The litters were distributed into the various 
groups, using 10 to 14 rats in each group. The composition 
of the diets is given in table 1. The protein content of the 
various preparations was determined by nitrogen analysis 
of dried, ash-free samples. The following N-conversion 
factors were used: dried skim milk, 6.38; dried beef blood, 
6.25; dried skim milk-beef blood mixture, 6.34. In the case 
of lactalbumin and casein, the moisture and ash contents of 
•the samples employed were determined and were allowed for 
in computing the amounts of these two proteins used in the 
diets. The amount of dextrin in the diet was altered to allow 
for variations in the amounts of the protein containing mate- 
rials used, as shown in table 1. The ratio of dried skim milk 
to dried beef blood solids in the mixture employed was 7 to 3. 
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Body weights were recorded weekly and hemoglobin deter- 
minations were made at the intervals indicated in table 2. An 
acid-hematin photoelectric method, repeatedly checked against 
samples of blood, the hemoglobin content of which had been 
determined by the oxygen-capacity procedure, was used. 
Erythrocyte counts were also made when the animals were 
120 days of age. 

TABLE 1 


Percentage composition of diets. 


DIET 

1 PROTEIN 
80I7BCS 

i 1 

DEXTRIN j 

SrCROSE ! 

CBI8CO 

WESSON'S 

SALT 

MTXTtTRE 

1. 

Diets containing 18% protein 



Lactalbumin 

I 22.5 

36 5 1 

; 10 

27 

4 

raseiii 

Blood solids-milk 

i 22..5 

36 5 i 

1 

10 

27 

j 4 

solids mixture 

32 9 

' 26.1 

10 

27 

: 4 

Skim milk solids 

: 50.6 

8.4 1 

10 , 

■ 27 

, 4 

Beef blood solids 

' 20.0 

i 39 0 i 

10 

27 

i 4 


2. Diets containing 2.8% protein 


Lactalbumin 

1 3 ■'i ! 

55 5 

10 j 

27 1 

4 

Casein 

3..5 1 

. 55 5 

10 1 

27 i 

4 

Blood solids-milk ' . 


j 

1 


solids mixture 

1 5.1 : 

.53.9 

10 

27 

4 

Rkim milk solids 

7.9 ' 

51.1 

10 

27 ' 

4 

Beef blood solids 

‘ 3.3 ' 

55.9 

10 

27 

4 

Vitamin supplements; 

^^Ryzamin B^’ (no 

2) — 

200 mg daily. 




Wilson’s liver ex|^ 


— 200 mg daily. 




Haliver oil with viosterol- 

— 3 drops twice w^eekly. 



When the animals fed the 18% protein level and the sur- 
viving rats fed 2.8% protein as lactalbumin had been on the 
experiment for approximately 200 days, the value of the 
various proteins for hemoglobin formation in response to 
hemorrhage was determined in the following manner. The 
hemoglobin content of the blood of the rat was first deter- 
mined. Then 30% of the calculated blood volume (2.0 ml 
blood per 100 gm body weight) was removed with the aid of 
gentle massage from the warmed, oiled tail. An equal volume 
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of 0.9% physiological saline was immediately injected intra- 
peritoneally for fluid replacement. Hemoglobin determina- 
tions were then made 24 hours later and at reg^ular intervals 
thereafter until the concentration reached the initial, pre- 
hemorrhage level. The days required for the hemoglobin level 
to return to the original value were thus determined. The 
food consumption of the animal was carefully measured dur- 
ing the period of recovery from the hemorrhagic anemia. 

Using the data obtained above the following values were 
calculated in the manner indicated : 


(1) Hb removed = ml blood removed X mg Hb per ml. 

^ , Mg Hb removed 

(2) Mlg lib formed per day = 

Days to regain initial Hb value 

Mg Hb formed per day 
Body weight in 100 gm 

(4) Mg Hb formed per day per gm dietary 

Mg Hb formed per day 
Gm protein ingested daily 


(3) Mg Hb formed per day per 100 gm body wt. 


protein consumed : 


The value of each protein for hemoglobin regeneration was 
determined two or three times on each animal of a given group 
and the results were averaged. Successive bemorihages had 
no consistent effect on the ability of the animal to form new 
hemoglobin. 


RESULTS 

As is shown by the averaged body weight data given in 
table 2, lactalbumin and casein fed at an 18% protein level 
gave a somewhat better rate of growth in male rats than did 
either skim milk solids or the mixture of skim milk solids and 
beef blood solids. In contrast, beef blood solids alone, al- 
though fed at the same protein level, supported only a very 
slight increase in body weight. The same differences in growth 
rate were found in the female rats of the various groups (data 
not included in table 2). 

Of the male -animals fed the low level of protein (2.8% , 
table 2), those receiving lactalbumin were definitely better off 
than those receiving casein or protein from the other sources. 
As was to be expected, the rate of growth was only slight in 
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any c.ase, but all of the lactalbumin-fed rats survived a 180-day 
experimental period whereas nearly all of the animals receiv- 
ing casein or the other sources of protein succumbed. The 
same was true of the female rats in the various groups. 

The averaged hemoglobin data, given in table 3, indicate 
that the various proteins, with the possible exception of blood 
solids, fed at an 18% protein level, are of about equal value 
in maintaining a normal hemoglobin level in the growing rat. 

TABLE 2 

Average hody v'eights (in gm) of groups of male rats fed various proteins. 



RATS 

24 

40 

55 

77 

90 

120 

200 



1. 

18% Protein level 





La eta 11 )u in in 

7 

42 

131 

215 

339 

394 

431 

552 

Casein 

Blood solids-milk 

8 

43 

144 

234 

389 

437 

506 

572 

solids mixture 

8 

44 

92 

145 

252 

254 

301 

415 

Skim milk solids 

n 

43 

80 

117 

188 

224 

305 

438 

Beef blood solids 

6 

44 

36 

39 

47 

49 

61 

62 



2. 

2.8% Protein level 





Laetalhuniin 

5 

44 

47 

49 

55 

59 

74 

80* 

Casein 

Blood solids-milk 

6 

43 

42 

40 

38 

37 



solids mixture 

6 

46 

42 

41 

39 

37 



Skim milk solids 

5 

45 

42 

40 

44 

44 

42 

42 ' ■ 

Beef blood solids 

6 

45 

36 

36 

37 

34 

35 

35 


* The rats in this ^roup were 180 days of age. 

* Data are from one surviving rat. 


Slightly lower values wore usually found in the animals fed 
blood solids. The averaged erA’throcyte data substantiate 
this general trend, as do the results obtained in the rats fed the 
various proteins at a 2.8% protein level, althouah there are 
considerable variations in the results in the latter instance. A 
general parallelism between the value of the various proteins 
for supporting somatic growth and for hemoglobin formation 
is suggested by these results. 
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The data obtained in the studies employing the hemorrhagic 
anemia technique, however, demonstrate more clearly a dif- 
ference between the, hemopoietic value of blood solids and the 
other proteins tested. It is evident from the average values 
given in table 4 that there is no significant difference between 
lactalbumin, casein, milk solids, and the mixture of beef blood 
and milk solids in their capacity to support hemoglobin re- 
generation after hemorrhage. The days after hemorrhage 

TABLE 3 


Group average hemoglobin and erythrocyie data. 


PROTEIN 

NO. 

RATS 

HBMOOLOBIN OM/lOO ML 

Daya of age 

ERYTHROCYTE 
COUNT AT 

120 DAYS 
M/mm* 


26 

77 

90 

120 



1. 18% 

Protein 




Lactalbumin 

13 

11.3 

16.0 

16.5 

16.4 

7.76 

Casein 

Blood solids-milk 

12 

10.8 

14.6 

15.1 

15.4 

7.73 

solids mixture 

14 

11.7 

16.1 

16.1 

15.7 

7.37 

Skim milk solids 

11 

12.7 

15.5 

15.6 

15.1 

7. .55 

Beef blood solids 

13 

13.6 

15.1 

15.4 

35.2 

6.94 



2. 2.8% 

Protein 



- 

Lactalbumin 

12 

11.0 

12.1 

12.6 

30.7 

5.54 

Casein 

Blood solids-milk 

10 

10.6 

7.0 

6.5 


4.34* 

solids mixture 

14 

13.2 

11.2 

10.8 

8.8 

3.79 

Skim milk solids 

10 

11.7 

11.2 

12.6 

8..5 

,5.67 

Beef blood solids 

10 

13.1 

12.2 

11.8 

10.5 

4.54 


^ Erythrocyte counts at approximately 77 days of age. 


T'equired for the hemoglobin level to regain the initial value 
and the mg hemoglobin regenerated per rat, per 100 gm body 
weight per day, and per gm dietary protein consumed per day 
are all similar. Paradoxically, however, in the rats fed beef 
blood solids as the source of protein (18% level) a consistently 
longer period was required for the hemoglobin level to return 
to normal and less hemoglobin was regenerated per rat per 
day, per 100 gm body weight per day, and per gm dietary 
protein consumed per day. The differences between the values 
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obtained in the animals fed blood solids and those fed the 
other proteins have been found to be statistically significant. 
Using the group fed casein for comparison, the following 
“significance ratios” were found: (1) mg hemoglobin per 
100 gm body weight = 3.0; (2) mg hemoglobin per gm dietary 
protein = 10.3. 

No consistent change in body weight of any of the animals 
occurred during the period of recovery from hemorrhage. 


TABLE 4 

Effect of various proteins on hemoglobin formation in hemorrhagic anemia. 



> 2 
^ ? 

OD 

AV 

AV, 

PRO- 

TEIN 

DAIDY 

DAYS 

TO 

INTTIAD 

MO HEMOODOBIN FORMED PER DAY ^ 

PROTEIN 

BODY 

WT. 

Per rat 

Per 100 gm 
body wt 

Per gm 
protein 

18% Level 

Casein 

10 

ffm 

531 

ffm 

2.1 

15 ± 0.4 

107.1 ± 7.1 

20.0 ± 0.6 

48.3 ± 3.0 

Lactalbumin 

12 

523 

2.0 

17 ± 0.7. 

95.3 ± 4.5 

18.1 ± 0.8 

49.5 ± 1.9 

Blood solids- 
milk solids 
mixture 

12 

477 

1.9 

16 ± 0.5 

102.5 ± 4.4 

21.9 ± 0.9 

52.7 ± 2.1 

Skim milk 
solids 

7 

358 

1.7 

15 ± 0.6 

76.3 ± 5.7 

21.2 ± 0.7 

45.1 ± 3.3 

Beef blood 
solids 

10 

93 

1.1 

23 ± 1.0 

15.1 ± 1.3 

16.4 ± 1.1 

14 8 ± 1.2 

2 8% Level 
Lactalbumin 

6 

88 

0.13 

28 ± 2.4 

9.3 ± 1.7 

10.0 ± 1.4 

66.7 ± 6.8 


^ The values given are group averages with the probable errors of the menus. 


Of considerable interest also are the data obtained on the 
surviving rats fed lactalbumin at the low level (2.8% pro- 
tein). As the averaged data show, a much longer time was 
required for the hemoglobin level to attain the initial value 
and much less hemoglobin was regenerated per rat per day and 
per 1(K) gm body weight per day. However, when calculated 
as mg hemoglobin regenerated per gm dietaiy protein con- 
sumed per day a strikingly different circumstance is seen — 
the mg hemoglobin regenerated per gm protein is greater 
than that formed when 18% protein as lactalbumin or other 
sources is provided. These differences have been found to be 



772 . 


J. M. OETBN AND A. V. OETEN 


statistically significant. Again using the group of rats fed 
18% protein as casein for comparison, the following “sig- 
nificance ratios” were obtained: (1) mg hemoglobin re- 
generated per lOOgm body weight = 6.5; (2) mg hemoglobin 
per gm dietary protein ingested = 2.6. These observations 
are interpreted as further evidence that if the protein intake 
is restricted, hemoglobin formation has a “high priority” for 
the available protein in the organism and therefore hemo- 
globin synthesis takes precedence over the formation of gen- 
eral body tissue protein. This interpretation is in accord 
with that drawn from data obtained on dogs by Whipple and 
his associates (Whipple, ’42). 

DmOlTSSION 

The foregoing data emphasize the importance of both the 
quality and quantity of dietary protein for hemoglobin forma- 
tion in the rat. The results indicate that, for the proteins 
studied, those proteins which arc qualitatively best consti- 
tuted for supporting somatic growth are also most effective 
for hemoglobin formation. Such a thesis is borne out by a 
variety of other evidence. If rats are fed a synthetic diet 
containing human or beef globin as the protein, poor growth 
occurs and an anemia develops (Orten, Bourque and Orten, 
’45). If the chief qualitative deficiency in the amino acid 
composition of globin is remedied, by the addition of iso- 
leucine, an increased rate of growth occurs and the anemia 
is corrected. The same is true if the dietary intake of 
tryptophane (Albanese et al., ’4.3) or lysine (Hogan et al., 
’41 ; Harris et al., ’43) is inadequate. 

The finding that the feeding of beef blood protein results 
in the maintenance of a somewhat lower hemoglobin level and 
slow'cr- rate of hemoglobin regeneration after hemorrhage 
than was found when lactalbumin or casein was fed was 
rather unexpected. It would appear probable that beef hemo- 
globin, the principle protein, should be superior since its 
amino acid composition should be similar to that of rat hemo- 
globin. Also, the w’ovk of Whipple and his associates (Miller, 
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Robsclieit-Robbins and Whipple, ’45) indicates an effective 
utilization of parenterally administered hemoglobin in form- 
ing new hemoglobin in the dog. The latter observations are 
complicated, however, by the fact that additional protein, or 
the required additional amino acids, could have been ob- 
tained from the dog’s own tissue protein. 

Two explanations of the paradoxical failure of beef blood 
protein to support satisfactory hemopoiesis in the rat seem 
possible. One, that rat hemoglobin differs widely in its amino 
acid composition from beef hemoglobin. Such a possibility 
seems rather unlikely, however, since although no data on the 
amino acid composition of rat hemoglobin are available, the 
values obtained on the hemoglobins of certain other species 
(Block, ’34) indicate sonu; general similarity leather than a 
wide dissimilarity. 

Another, perhaps more logical explanation, is that hemo- 
globin is synthesized in the organism through some intermedi- 
ate protein which contains, among other “essential” amino 
acids, isoleucine. Hence the feeding of the protein, hemo- 
globin, which is deficient in isoleucine, would result in an 
unsatisfactory rate of synthesis of the postulated intermediate 
protein and, in turn as was found, an unsatisfactory synthesis 
of hemoglobin. Such an hypothesis would also be in accord 
with the observations that other qualitatively deficient pro- 
teins are unsatisfactory for hemopoiesis and that proteins 
best suited for supporting .sat'sfactoiy somatic growth are 
also best suited for hemoglobin formation. 

The finding that, whereas dried beef blood is unsatisfactory 
for supporting somatic growth and hemoglobin formation, 
the mixture of dried beef blood and dried skim milk supported 
excellent body growth and hemopoiesis supports the thesis 
that the inadequacy of dried beef blood protein is due to a 
deficiency of one or perhaps more amino acids (Orten, 
Bourque and Orten, ’45). Undoubtedly, the jirotein of dried 
skim milk supplies the jirincipal lacking amino acid, iso- 
leucine, in amounts suflScient to bring about a satisfactory rate 
of growth and hemopoiesis. 
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8TJMMABY 

Five sources of protein have been studied with respect to 
their ability (1) to maintain normal hemoglobin levels in the 
growing rat and (2) to support henaoglobin regeneration after 
hemorrhage in the adult rat. The various preparations were 
fed to weanling animals at both 18% and 2.8% levels of pro- 
tein for an experimental period of approximately 200 days. 

At the 18% protein level, casein, lactalbumin, dried skim 
milk, and a mixture of dried skim milk and dried beef blood 
proved to be of about the same value, both for hemoglobin 
maintenance' in the growing rat and for hemoglobin regenera- 
tion in the adult animal. On the other hand, dried beef blood 
protein was inferior, particularly for hemoglobin regenera- 
tion after hemorrhage. 

There appeared to be a general parallelism between the 
hemopoietic value of the protein and its ability to support 
somatic growth. 

At the 2.8% level of the various proteins, a mild to 
moderate anemia developed in all cases. However, only those 
animals receiving lactalbumin survived for the entire, experi- 
mental period. In these animals, there was a significantly 
decreased rate of hemoglobin regeneration following hemor- 
rhage. However, there was a very efficient utilization for 
hemoglobin regeneration of the limited amount of protein 
consumed. 

These observations emphasize the importance of both the 
quality and quantity of dietary protein for hemopoiesis in 
the rat. 
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